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ABSTRACT
A c o m p a ra tiv e  m o rp h o lo g ica l c y to lo g lc a l  s tu d y  o f norm al and  
d i s e a s e d  c u l tu re s  of H e lm ln th o sp o rlu m  v ic to r ia e  r e v e a le d  c e r ta in  i r ­
r e g u la r i t ie s  t h a t  c h a ra c te r iz e d  th e  d i s e a s e d  c o lo n ie s .  Young h y p h a e  
from  n e w ly  d i s e a s e d  c o lo n ie s  sh o w ed  v a r io u s  d e g re e s  o f ly t ic  d e g e n e ra ­
t io n  an d  a t te m p ts  to  d e te c t  n u c le i  in  su c h  h y p h a e  w e re  u n s u c c e s s f u l .  
S im ila r  to  no rm al H . v i c to r i a e , young  h y p h a e  from  d i s e a s e d  c o lo n ie s  
o b ta in e d  by  su b c u ltu r ln g  from  s e v e re ly  d i s e a s e d  m ycelium  d id  no t show  
an y  s ig n s  o f ly t ic  d e g e n e ra t io n  an d  c o n ta in e d  a b u n d a n t n u c le i . T h ese  
h y p h a e  d id ,  h o w e v e r , show  v a rio u s  k in d s  o f d is to r t io n s  in  th e  m orphology 
o f c e l l s  a n d  in  th e  p a tte rn  o f  g ro w th .
In  c o m p a ra tiv e  r e s p ira to ry  s tu d i e s ,  d i s e a s e d  !£. v ic to r ia e  from 
10 -d a y  o ld  s ta t io n a ry  an d  from  2 -  to  6 - d a y  o ld  s h a k e - c u l tu r e s  sh o w ed  
a n  l n o e a s e d  re s p ira to ry  r a te  c o m p ared  w ith  th a t  o f th e  no rm al fu n g u s .
In  a d d i t io n ,  d i s e a s e d  H . v ic to r ia e  from 4 -d a y  o ld  s h a k e - c u l tu r e s  d id  
not show  a n y  in c r e a s e  in  r e s p ira to ry  r a te  in  th e  p re s e n c e  of low  c o n c e n ­
t r a t io n s  o f DNP (5 x 1 0 '^  an d  lx lO ”4 M ), w h e re a s  th e  no rm al fungus 
sh o w ed  a p o s i t iv e  r e s p o n s e .
C o m p a ra tiv e  s tu d y  o f th e  p ro c e s s  o f in fe c tio n  o f s u s c e p t ib le  o a t  
s e e d l in g s  w ith  no rm al a n d  d i s e a s e d  & . v ic to r ia e  r e v e a le d  l i t t l e  d if f e r ­
e n c e s .  H o w ev e r, th e  d e g e n e ra t io n  o f t i s s u e  In o c u la te d  w ith  th e  
d i s e a s e d  fu n g u s  w a s  s lo w e r  an d  l e s s  e x te n s iv e  th a n  th a t  In o c u la te d  
w ith  th e  no rm al fu n g u s •
v i i
INTRODUCTION
V ic to ria  b lig h t  o f o a ts  c a u s e d  by  H e lm in th o sp o rlu m  v ic to r ia e  
M e eh a n  and  M urphy  w a s  f i r s t  o b s e rv e d  in  th e  f ie ld  in  1945 (4 3 ). In 
1 946 , i t  h ad  b eco m e  a  m ajor d i s e a s e  o f o a ts  In  s e v e ra l  s t a t e s .  O at 
v a r ie t i e s  p o s s e s s in g  th e  "V ic to ria  ty p e "  o f c ro w n -ru s t  r e s i s t a n c e  w e re  
h ig h ly  s u s c e p t ib le  to  V ic to ria  b l ig h t ,  w h ile  v a r ie t i e s  la c k in g  th i s  ty p e  
o f ru s t  r e s i s t a n c e  w e re  n o t s u s c e p t ib le  (28 , 4 0 , 4 7 ) . In  th e  fo llo w in g  
y e a r ,  th e  d i s e a s e  sp re a d  th ro u g h o u t th e  o a t  g row ing  a r e a s  o f th e  U n ited  
S ta te s  w h e re v e r  V ic to ria  h y b rid s  w e re  g ro w n . I t w a s  a l s o  found  in  
L o u is ia n a  (5 8 ). The fu n g u s In v a d e d  th e  h o s t  t i s s u e  to  o n ly  a  l im ite d  
e x te n t ,  b u t s e v e re ly  d am ag ed  an d  e v e n  k i l le d  th e  s u s c e p t ib le  o a ts  by 
th e  p ro d u c tio n  o f a  h ig h ly  s p e c i f ic  to x in  (v ic to rln )  (4 2 , 4 4 , SO, 6 6 , 6 7 ) .
In  r e c e n t  y e a r s ,  th e re  h a v e  b e e n  few er e p lp h y to t ic s  o f th i s  
d i s e a s e  in  th e  S o u th , e v e n  th o u g h  c o n s id e ra b le  a c r e a g e s  of o a ts  w ith  
V ic to ria  p a re n ta g e  h a v e  b e e n  p la n te d .  Among i s o l a t e s  from b lig h te d  
V ic to r -g ra in  o a ts  L indberg  (36) o b s e rv e d  th a t  s e v e ra l  c o lo n ie s  o f  H . 
v ic to r ia e  w e re  a b n o rm a lly  s tu n te d .  It w a s  found  th a t  th e  ab n o rm ally  
s tu n te d  c o lo n ie s  c o n ta in e d  som e t r a n s m is s ib le  a g e n t c a p a b le  of p ro ­
d u c in g  th e  a b n o rm a lity  in  norm al c o lo n ie s .  T e s ts  for th e  p re s e n c e  of 
b a c te r ia  or a  to x in  th a t  m ight b e  r e s p o n s ib le  for th e  a b n o rm a lity  o f th e  
c o lo n ie s  g a v e  n e g a t iv e  r e s u l t s .  O n th e  o th e r  h a n d , h e  c o u ld  fin d  no
a c t iv i ty  in  f i l t r a t e s  o f c la r if ie d  ab n o rm al ju ic e  a f te r  p a s s a g e  th ro u g h  
b a c te r io lo g ic a l  f i l t e r s . M ore re c e n t  in v e s t ig a t io n s  w ith  c e l l  free  
f i l t r a t e s  h a v e  a ls o  f a i le d  to  d e m o n s tra te  a  c a u s a l  a g e n t (3 9 ). L indberg  
c o n c lu d e d  th e t th e  c a u s a l  a g e n t w a s  e i th e r  no t p re s e n t  in  th e  f i l t r a te s  
o r n o t c a p a b le  o f in fe c tin g  norm al H . v ic to r ia e  in d e p e n d e n t o f v ia b le  
frag m e n ts  o f  th e  d i s e a s e d  fu n g u s . A c o m p a riso n  o f norm al a n d  d i s e a s e d  
H . v ic to r ia e  h a s  r e v e a le d  m arked  d if fe re n c e s  in  p a th o g e n ic ity  an d  to x in  
p ro d u c tio n  b u t tas not p ro v id e d  a  d e f in i t iv e  id e n t i f ic a t io n  o f th e  c a u s a l  
a g e n t (3 7 , 3 8 ) .
The p re s e n t  s tu d y  i s  a n  a tte m p t to  m ake fu rth e r  b a s ic  c o m p a riso n s  
b e tw e e n  no rm al a n d  d i s e a s e d  H . v ic to r ia e  by s tu d y in g  d if fe re n c e s  in  th e  
m orphology a n d  in  c e r ta in  m e ta b o lic  a c t i v i t i e s , su c h  a s  th e  r e s p ira to ry  
r a te  a n d  th e  r e s p ira to ry  r e s p o n s e  to  2 , 4 -d ln l t ro p h e n o l .  F u r th e r , by 
s tu d y in g  c o m p a ra tiv e ly  th e  phenom enon  o f in fe c tio n  in  a r t i f ic ia l  in o c u la ­
t io n s  o f s u s c e p t ib le  o a ts  w ith  no rm al an d  d i s e a s e d  H . v i c to r i a e . an  
a tte m p t w a s  m ade to  o b ta in  som e in fo rm a tio n  c o n c e rn in g  th e  b e h a v io r  o f 
th e  d i s e a s e d  fu n g u s , w h ic h  m ight a c c o u n t ,  a p a r t  from th e  o b se rv e d  l e s s  
to x in  p ro d u c tio n , fo r th e  s ig n i f ic a n t ly  lo w e r p a th o g e n ic i ty  e x e r te d  by  
t h i s  fu n g u s .
REVIEW OF LITERATURE
The g re a t  v a r ia b i l i ty  e x is t in g  w ith in  s in g le  s p e c ie s  o f fung i h a s  
b e e n  re c o g n iz e d  for a  long  t im e .  A cco rd ing  to  In g o ld  (2 5 ), A lb rech  von  
H a lle r  m ore th a n  tw o  h u n d red  y e a r s  a g o ,  d e s c r ib e d  fung i a s  a  "m u ta b le  
an d  t r e a c h e ro u s  t r i b e . "  M ajo r c o n tr ib u tio n s  to  th e  s tu d y  of v a r ia b i l i ty  
In  s p e c ie s  o f H e lm in th o sp o riu m , In p a r t ic u la r ,  a re  th e  e a r ly  w o rk s of 
S te v e n s  (6 0 ), C h r is te n s e n  (8 ) ,  an d  C h r is te n s e n  an d  G raham  (9 ) . W o rk ­
ing  w ith  H e lm in th o sp o riu m  g ra m ln e u m . th e  l a s t  tw o  a u th o rs  cam e  to  th e  
c o n c lu s io n  th a t  th i s  s p e c ie s  c o m p rise d  an  in d e f in ite  num ber of " r a c e s "  
w h ic h  d if fe re d  from o n e  a n o th e r  in  m any m o rp h o lo g ica l an d  p h y s io lo g ic a l  
c h a r a c te r i s t i c s  in c lu d in g  p a th o g e n ic i ty .  C h r i s te n s e n ,  S tak m an  an d  
C h r is te n s e n  (7 ) , a n d  m ore re c e n tly  B uxton (6) an d  Jo h n so n  (27) h a v e  r e ­
v ie w e d  th e  s u b je c t  o f v a r ia t io n  in  p la n t p a th o g e n ic  fu n g i. In  g e n e r a l ,  
v a r ia t io n  o th e r  th a n  th a t  d u e  to  n u tr i t io n a l  o r o th e r  e n v iro n m e n ta l 
fa c to rs  h a s  b e e n  in te rp re te d  by  v a r io u s  g e n e t ic  m e c h a n ism s , s u c h  a s  
m u ta tio n , h y b r id iz a t io n , h e te r o k a r y o s i s , an d  p a ra s e x u a l  re c o m b in a tio n . 
T here  a r e ,  h o w e v e r , in  th e  l i te r a tu r e  m any c a s e s  o f v a r ia t io n  c h a r a c ­
te r iz e d  a s  s a l ta t io n  (o ften  c a l le d  d i s s o c ia t io n  or s e c to r in g  of fu n g u s 
c o lo n ie s ) ,  or a t te n u a t io n  (o ften  c a l le d  d is s o c ia t io n  le a d in g  to  lo s s  o f 
v iru le n c e  o f th e  p a th o g e n ) , o r a d a p ta t io n  ( to le ra n c e  to  p o is o n s ,  a d a p ta ­
t io n  in  p a th o g e n ic i ty ) ,  th e  m ech an ism  o f w h ic h  i s  no t y e t  w e ll  u n d e r­
s to o d  (6) .
3
4Among th e  v a r io u s  ty p e s  o f v a r i a n t s , w h ic h  h a v e  b e e n  s tu d ie d  In ­
te n s iv e ly  from  a  g e n e t lc a l  an d  m e ta b o lic  p o in t o f v ie w , a re  a  g ro u p  of 
v a r ia n ts  w ith  m arked ly  r e s t r i c te d  g row th  on a n y  m edium  on  w h ic h  th e y  
h a v e  b e e n  p la n te d .  Such  v a r ia n ts  d e r iv e d  s p o n ta n e o u s ly  o r a f te r  i r r a d ia ­
t io n  h a v e  b e e n  n o tic e d  in  th e  a s c o m y c e te  N e u ro sp o ra  c r a s s a  an d  In  th e  
b a k e r 's  y e a s t ,  S a c c h a ro m v c e s  c e r e v l s l a e . M itc h e ll  an d  M itc h e ll  (4 6 ), 
H a s k in s  e t  a l  (2 1 ), and  T ls s ie r le s  e t  a l  (62) h a v e  s tu d ie d  th e  s lo w ly  
g row ing  s t r a in ,  d e s ig n a te d  a s  "p o k y "  of N e u ro s p o ra . They c o n c lu d e d  
th a t  th e  poky  c h a r a c te r i s t i c s  w e re  in h e r i te d  th ro u g h  th e  c y to p la s m , 
s in c e  th e y  w e re  tr a n s m it te d  to  o ffsp rin g  o n ly  th ro u g h  th e  "m a te rn a l"  
o r p ro to p e r i th e c la l  p a re n t (4 6 ). The p re s e n c e  o f a  v iru s  or o th e r  In ­
f e c t io u s  a g e n t in  poky w a s  d o u b tfu l b e c a u s e  m ixed w ild  ty p e  an d  poky 
c u l tu re s  f a i le d  to  e f f e c t  th e  g ro w th  o f th e  w ild  ty p e  s t r a in  (4 6 ) . M itc h e ll  
an d  M itch  e l l  (46) s ta te d  th a t  th e re  w a s  no e v id e n c e  th a t  h e te ro k a ry o n s  
h ad  b e e n  p ro d u ced  from th e  m ix tu re  of poky  an d  w ild  ty p e  N eu ro sp o ra  
c r a s s a .  G ow bridge  (1 7 ), on th e  o th e r  h a n d , m ade h e te ro k a ry o n s  b e ­
tw e e n  s t r a in s  of N e u ro sp o ra  c r a s s a  h a v in g  poky an d  w ild  ty p e  c y to p la s m s . 
Poky w a s  no t dom in an t o v e r th e  w ild  ty p e  in  th e  w ay  w h ic h  m ight be e x ­
p e c te d  if  poky  c o n d it io n  w e re  c a u s e d  by a n  in fe c tiv e  a g e n t .  I t w a s  
show n  by  b io c h e m ic a l s tu d ie s  th a t  th e  s lo w  g row th  of poky  w a s  due  to  
a  re s p ira to ry  d e f ic ie n c y  (th e  Q 0 2  °*  P °k y  waB ro u g h ly  o n e - th ird  th a t  o f 
th e  w ild  s t r a in ) ,  w h ic h , in  tu r n ,  w a s  th e  r e s u l t  o f a  d e f ic ie n c y  in  c y to ­
chrom e a  an d  b a n d  th u s  in  cy to ch ro m e  o x id a s e  an d  s u c c in ic  a c id  o x id a s e  
(21, 6 2 ) . L a te r , T ls s ie r le s  a n d  M itc h e ll  (61) re p o rte d  th e  f in d in g  of
5th re e  o th e r  s t r a in s  In  N e u ro sp o ra  w h ic h , l ik e  p o k y , h a d  d e f ic ie n c ie s  In 
cy to c h ro m e  s y s te m s  an d  lo w er r e s p i ra t io n  r a t e s . S im ila r ly , E p h ru ss i 
(14) h a s  a t t r ib u te d  th e  s lo w  g row th  o f " v e g e ta t iv e  l i t t l e "  c o lo n ie s  or 
" p e t l t e s "  In  b a k e r 's  y e a s t  to  a  low  r e s p ira t io n  w h ic h  w a s  due  to  c y to ­
chrom e d e f i c i e n c i e s . The p e t i te  c h a r a c te r i s t i c s  w e re  re ta in e d  In ­
d e f in i te ly  in  th e  c o u rs e  of v e g e ta t iv e  re p ro d u c tio n . Y eas  an d  S ta rr  (72) 
an d  H a rr is  (20) h a v e  a ls o  found  dw arf s t r a in s  o f  y e a s t  c h a ra c te r iz e d  by  
d e f ic ie n c y  in  enzym e s y s te m s  a n d  low  r e s p i r a t io n .  Y eas an d  S ta rr  (72) 
s ta te d  th a t  th e i r  dw arf s t r a in  sh o w ed  no re s p ira to ry  a c t iv i ty .  A ccord ing  
to  C o c h ra n e  (1 1 ), c o r re la t io n  b e tw e e n  in h ib i t io n  o f g ro w th  an d  in h ib it io n  
o f r e s p ira t io n  w a s  u s u a l ly  found in  fung i a f fe c te d  by  a n tlfu n g a l  c h e m ic a l  
a g e n t s .  A lthough  m e ta b o lic  s tu d ie s  o f p a th o lo g ic a l  a b n o rm a lit ie s  in  
fung i h a v e  b e e n  in s u f f ic ie n t  to  ju s t i f y  a n y  g e n e r a l iz a t io n ,  th e  fo rego ing  
re p o r ts  seem  to  s u g g e s t  th a t  re d u c e d  r e s p ira t io n  p a r a l le l s  re d u c e d  g row th  
o f fung i w h e th e r  due  to  g e n e t ic  o r fu n g ic id a l f a c to r s .
In  c o n t r a s t ,  in  th e  f ie ld  o f p la n t  p a th o lo g y  a c o n s id e ra b le  am ount 
o f w ork  h a s  b e e n  do n e  in  s tu d y in g  m e ta b o lic  a l te r a t io n s  in  d is e a s e d  
p l a n t s .  In  r e c e n t  y e a r s ,  in  p a r t ic u la r ,  more an d  m ore w o rk e rs  h a v e  tr ie d  
to  d e te rm in e  th e  m ec h an ism s c o n tro llin g  m e ta b o lic  a c t iv i t i e s  in  d i s e a s e d  
p la n t  t i s s u e s  a n d  th u s  e lu c id a te  th e  u n d e rly in g  p r in c ip le s  o f th e  n a tu re  
o f d i s e a s e .  S e v e ra l a r t i c l e s ,  su c h  a s  th o s e  by  A llen  (2 , 3 , 4 ) , Kern 
(3 0 ), P a rk a s  a n d  K iraly  (1 6 ), K irall a n d  P a rk a s  (3 2 ), a n d  U rlta n l an d  
A k azaw a  (64) a re  h e lp fu l in  u n d e rs ta n d in g  th i s  p ro b le m . The g e n e ra l
id e a  i s  th a t  th e  b io c h e m ic a l  a l te r a t io n s  o f a  d i s e a s e d  p la n t  a re  a c tu a l ly  
th e  "p r im a ry " sym p tom s o f i t s  d i s e a s e ,  a n d  th a t  th e  n a tu re  of th e  
m e ta b o lic  r e s p o n s e  m ay b e  m ore c h a r a c te r i s t i c  o f th e  d i s e a s e  c o n c e rn e d  
th a n  th e  v iB ib le  " s e c o n d a ry "  sy m p to m s .
A ccord ing  to  U rlta n l an d  A k azaw a  (6 4 ), am ong th e  m any m e ta b o lic  
c h a n g e s  o b se rv e d  in  d i s e a s e d  p la n t  t i s s u e s ,  a l te r a t io n  o f r e s p i r a t io n  i s  
o n e  o f th e  m o st f a s c in a t in g  s u b je c t s ,  s in c e  th e  r e s p ira to ry  m ech an ism  
o c c u p ie s  a  c e n tr a l  p a r t  o f m e ta b o lism . An in c r e a s e  in  th e  r e s p ira to ry  
r a te  h a s  b e e n  re p o rte d  a s  a  ty p ic a l  fe a tu re  of th e  m e ta b o lism  of p la n t 
t i s s u e  fo llo w in g  In fe c tio n  e i th e r  by a  fu n g u s , a  b a c te r iu m  or a  v iruB . 
W h en  a  d i s e a s e  h a s  le d  to  a  d e g e n e ra te d  c o n d it io n  of th e  p la n t  t i s s u e  
th e  r e s p ira to ry  ra te  m ay d e c l in e  an d  e v e n tu a l ly  s to p .  The a b o v e  
g e n e r a l iz a t io n  h a s  b e e n  d e r iv e d  from re v ie w  o f a la rg e  num ber o f w o r k s . 
W ynd (6 9 ), A llen  (2 ) , an d  U rlta n l an d  A kazaw a  (64) h a v e  in c lu d e d  in  
th e i r  re v ie w s  more th a n  f if ty  d if fe re n t  re p o r ts  o f a n  e n h a n c e d  r e s p ira t io n  
in  d i s e a s e d  p la n t  t i s s u e s .  D if fe re n t p la n t m a te r ia l ,  su c h  a s  sw e e t 
p o ta to  r o o t s ,  I r is h  p o ta to  tu b e r s  an d  l e a v e s ,  lem on  f r u i t s ,  to m a to , 
to b a c c o ,  c u c u m b e r, c a b b a g e ,  s p in a c h ,  su g a r  b e e t ,  w h e a t ,  b a r le y ,  r ic e ,  
c lo v e r ,  b e a n ,  r a s p b e r ry , p e a c h ,  a s t e r .  N ic o t ia n s  q lu t ln o s a .  E uphorb ia  
p e p lu s  a n d  A lth ea  ro s a  l e a v e s , s a f f lo w e r  h y p o c o ty ls , an d  c o tto n  s te m s  
w e re  s tu d ie d .  S e v e ra l  fung i w ith  d if fe re n t  d e g re e s  o f p a ra s i t is m  and  
s e v e ra l  b a c te r ia  an d  v i r u s e s  w e re  in v o lv e d  a s  p a th o g e n ic  a g e n t s .  M ore 
r e c e n t  re p o r ts  on  th e  sam e s u b je c t ,  su c h  a s  th o s e  by  W o lf an d  Schram m
7(68) w ith  to b a c c o  In fe c te d  w ith  b la c k  s h a n k , L o e b e n s te in  (41) w ith  
s w e e t  p o ta to  l e a v e s  in fe c te d  w ith  v e ln c le a r ln g  v i r u s , a n d  Y am aguchl 
(70) w ith , th e  p la n t - v ir u s  c o m b in a tio n s  D a tu ra  stram o n iu m  -  to b a c c o  
m o sa ic  v i r u s ,  Vic la  fa b a  -  cu cu m b er m o sa ic  v i r u s ,  a n d  G om phrena  
g lo b o s a  -  p o ta to  v iru s  X, a re  in  c o n firm a tio n  w ith  th e  a b o v e  c o n s id e r a ­
t io n .  Grim m  (1 8 ), w o rk in g  w ith  th e  V ic to ria  b lig h t  o f o a t s ,  a l s o  found 
s im ila r  r e s u l t s . S e v e ra l  o f th e  re p o r te d  e x p e rim e n ts  h a v e  sh o w n  th a t  th e  
e n h a n c e m e n t o f th e  r e s p ira to ry  r a te  o f th e  in fe c te d  p la n t  t i s s u e s  sh o u ld  
b e  a t t r ib u te d ,  a t  l e a s t  in  p a r t ,  to  a n  in d e p e n d e n t phenom enon  e x h ib i te d  
by  th e  p la n t t i s s u e  r a th e r  th a n  b e in g  d u e  s o le ly  to  th e  r e s p i r a t io n  o f th e  
in v a d in g  m ic ro o rg a n ism .
S e v e ra l  e x p la n a t io n s  h a v e  b e e n  p ro p o se d  fo r th e  e n h a n c e d  
re s p ira to ry  r a te  o f d i s e a s e d  p la n t  t i s s u e .  O ne of them  i s  th e  p o s s ib le  
" u n c o u p lin g 11 o f  o x id a t iv e  p h o sp h o ry la tio n  from r e s p i r a t io n ,  so  th a t  
r e s p ira t io n  w o u ld  no lo n g e r  b e  l im ite d  by  in s u f f ic ie n t  c o n c e n tra tio n s  o f 
ADP an d  in o rg a n ic  p h o s p h a te .  I t  h a s  b e e n  p ro p o se d  th a t  u n c o u p lin g  
c o u ld  b e  c a u s e d  by  a  to x in  p ro d u ce d  by  th e  p a th o g e n  (2 , 4 5 ) , an  a b ­
n o rm al m e ta b o lite  o f  th e  d i s e a s e d  t i s s u e  (6 4 ), th e  d e s t ru c t io n  o f m ito ­
c h o n d ria  o r th e  o p e ra tio n  o f a n  a l te r n a t iv e  re s p ira to ry  p a th w ay  o th e r  th a n  
th e  TCA c y c le -c y to c h ro m e  s y s te m  (1 5 , 3 5 , 5 6 , 6 4 ) . A no ther e x p la n a t io n  
p ro p o se d  fo r th e  m ec h an ism  o f r e s p ira to ry  In c r e a s e  i s  th e  a c c e le r a t io n  o f 
A T P -u tiliz in g  r e a c t io n s  in  th e  d i s e a s e d  t i s s u e  ( 3 , 4 ,  6 4 ) . U rlta n l an d  
A kazaw a  (64) h a v e  l i s t e d  su c h  p r o c e s s e s  a s  a c c u m u la t io n , m o b iliz a tio n ,
8an d  s y n th e s is  o f p h o sp h o ru s  an d  c a rb o n  c o m p o u n d s , g row th  o f th s  h o s t  
t i s s u e ,  s y n th e s is  o f p ro te in  in c lu d in g  a c t iv a t io n  o f e n zy m es  a n d  enzym e 
s y s te m s ,  a n d  in c r e a s e  In p ro to p la sm ic  a c t iv i ty .  A no ther p ro p o se d  e x ­
p la n a tio n  i s  th e  a b o li t io n  o f  th e  P a s te u r  e f fe c t  in  m e tab o lism  o f d i s e a s e d  
p la n t  t i s s u e ,  a n d , c o n s e q u e n t ly ,  th e  s u p p re s s io n  o f c a rb o h y d ra te  b r e a k ­
dow n u n d e r a e ro b ic  c o n d it io n s  a s  co m p ared  to  th a t  u n d e r  a n a e ro b ic  c o n ­
d i t io n s  (2 , 12 , 15 , 16 , 5 3 , 5 6 , 6 4 ) . S e v e ra l h y p o th e s e s  h a v e  b e e n  
p ro p o se d  to  in te rp re t  th e  P a s te u r  e f f e c t , su c h  a s  th e  r e la t iv e  s h o r ta g e  o f 
ADP an d  in o rg a n ic  p h o sp h a te  d u rin g  e f fe c t iv e  o p e ra tio n  of o x id a tiv e  
p h o s p h o ry la tio n , an d  th e  p re s e n c e  of so m e  u n s ta b le  s y s te m  in  th e  
o x id iz e d  m ito c h o n d ria  th a t  m ay in h ib i t  h e x o k in a s e  o r p h o s p h o fru c to k ln a se  
(6 4 ) . A no ther e x p la n a t io n  p ro p o se d  for th e  in c r e a s e d  re s p ira to ry  ra te  is  
th a t  som e a l te r a t io n  in  c o n c e n tra t io n  o r a c t iv a t io n  o f  re s p ira to ry  e n z y m e s , 
w ith  p a r t ic u la r  re fe re n c e  to  te rm in a l o x id a s e ,  m ay in f lu e n c e  th e  o v e ra ll  
r e s p i r a t io n  m ech an ism  in  d i s e a s e d  p la n t t i s s u e  (1 6 , 3 1 , 3 4 , 5 4 , 6 5 , 7 1 ) .
Prom th e  fo reg o in g  c o n s id e ra t io n s  i t  i s  s u g g e s te d  th a t  th e re  a re  
no t y e t s u f f ic ie n t  d a ta  to  su p p o rt an y  o f th e  p ro p o se d  m ec h an ism s a s  
th e  p red o m in an t o n e  a c c o u n tin g  fo r th e  r e s p ira to ry  in c r e a s e  In d i s e a s e d  
p la n t  t i s s u e .  T h is  se e m s  to  J u s tify  th e  a s s u m p tio n  th a t  a  p o s s ib le  com ­
b in a t io n  o f m ore th a n  o n e  o f th e s e  o r o th e r  y e t  u n p o s tu la te d  m ec h an ism s 
m ay a l s o  o p e ra te  in s te a d  o f a  s in g le  f a c to r ,  a n d ,  fu r th e r , th a t  th e  co m ­
b in a t io n  m ay d if fe r  w ith  p a r t ic u la r  d i s e a s e s . To th row  som e l ig h t  on  
th i s  o b s c u re  p ro b le m , s tu d e n ts  o f m e ta b o lic  a l te r a t io n s  in  d is e a s e d
o rg a n ism s  h a v e  u s e d  c e r ta in  s u b s ta n c e s  w h ic h  In te rfe re d  w ith  th e  
m e tab o lism  an d  p ro d u ced  c e r ta in  c h a r a c te r i s t ic  r e s p o n s e s .  O ne o f th e  
m ost e x te n s iv e ly  s tu d ie d  com pounds o f th is  so r t i s  2 , 4 -d in itro p h e n o l 
(D N P). Low c o n c e n tra t io n s  o f t h i s  com pound c a u s e  m arked  in c r e a s e s  
in  th e  r e s p i ra t io n  of h ig h e r  p la n t  t i s s u e s  and  of m any m ic ro o rg a n ism s , 
w h ile  h ig h e r  c o n c e n tra t io n s  o f i t  in h ib it  r e s p ira t io n  an d  e v e n tu a lly  
s u p p re s s  i t  (5 , 10 , 19 , 2 4 , 2 9 , 4 8 , 4 9 , 5 2 , 5 7 , 5 9 ) . A lthough  th e  
e x a c t  s i t e  o r s i t e s  o f a c t io n  o f DNP a re  no t y e t  d e f in i te ly  k n o w n , low  
c o n c e n tra t io n s  a re  c o n s id e re d  to  c a u s e  a n  u n co u p lin g  of o x id a t iv e  p h o s ­
p h o ry la tio n  from r e s p i r a t io n ,  a n d  th u s ,  to  perm it r e s p ira t io n  to  g o  a t  a  
h ig h e r  r a t e .  D is e a s e d  p la n t t i s s u e s  a re  c o n s id e re d  to  b e  l e s s  s e n s i t iv e  
to  th e  sam e  low  c o n c e n tra t io n s  o f DNP a s  co m p ared  w ith  h e a lth y  t i s s u e s . 
A c c o rd in g ly , A kazaw a  a n d  U rita n i ( l )  h a v e  found  th a t  tw o  to  four d a y s  
a f te r  in o c u la t io n  of s w e e t p o ta to  ro o ts  w ith  C e ra to s to m e lla  f lm b r ia ta , 
w h e n  th e  r e s p ira to ry  In c re a s e  sh o w ed  a  m axim um  v a lu e , th e  p e rc e n ta g e  
in c r e a s e  o f r e s p i ra t io n  d u e  to  DNP a d d it io n  w a s  c o n s id e ra b ly  sm a lle r  
th a n  in  h e a l th y  c o n tro l t i s s u e .  A ccord ing  to  U rita n i an d  A kazaw a (64), 
K iraly  an d  F a rk a s ,  u s in g  w h e a t s e e d l in g s  in fe c te d  w ith  r u s t ,  a ls o  o b ­
se rv e d  a  d e c r e a s e d  re s p ira to ry  r a te  in  th e  DNP t r e a te d  t i s s u e s  in  com ­
p a r is o n  w ith  a  p o s i t iv e  DNP re s p o n s e  in  th e  h e a l th y  t i s s u e .  8 haw  an d  
S am b o rsk l (5 6 ), w o rk in g  a ls o  w ith  ru s te d  w h e a t l e a v e s ,  h a v e  found  a 
d e c r e a s e d  p e rc e n ta g e  re s p o n s e  to  D N P. S im ila r ly , Grim m  (18) w ork ing  
w ith  o a ts  In fe c te d  w ith  H e lm in th o sp o riu m  v ic to r ia e  found th a t  du ring  a 
c o u rs e  o f e ig h t  d a y s  a f te r  in o c u la t io n  th e  r e s p ira to ry  in c r e a s e  d u e  to
DNP w a s  a lw a y s  lo w er th a n  In  c o n tro l h e a l th y  t i s s u e .  W h en  th e  
re s p ira to ry  p e ak  w a s  re a c h e d  In  th e  c o n tro l t i s s u e  4 d a y s  a f te r  in o c u la ­
t io n .  th e  re s p o n s e  of th e  in f e c te d  t i s s u e  to  DNP w a s  a lm o s t n i l .  A c­
c o rd in g  to  F a rk as  and  K iraly  (1 6 ), th e  re d u c e d  re s p ira to ry  r e s p o n s e  to  
DNP In  d i s e a s e d  t i s s u e  m ay b e  e x p la in e d  on  th e  a s s u m p tio n  th a t  DNP 
c a n n o t e x e r t  an y  u n c o u p lin g  a c t io n  in  th i s  t i s s u e ,  s in c e  th e  ATP/ADP 
ra t io  h a s  a lre a d y  b e e n  re d u c e d  a s  a  r e s u l t  o f th e  d i s e a s e .
The fo reg o in g  re lriew  se e m s  to  ju s t i f y  th e  c o n c lu s io n  th a t  th e  
fo llo w in g  tw o  fe a tu re s  m ay b e  c o n s id e re d  c h a r a c te r i s t i c  o f th e  d is tu rb e d  
m e tab o lism  o f in fe c te d  p la n t  t i s s u e :  ( 1) a n  e n h a n c e d  re s p ira to ry  r a t e ,  
an d  (2) a  re d u c e d  re s p ira to ry  re s p o n s e  to  low  c o n c e n tra tio n s  of D N P.
MATERIALS AND METHODS
F ungus c u l tu re s
C u ltu re s  o f no rm al a n d  d i s e a s e d  H e lm in th o sp o riu m  v ic to r ia e  of 
i s o la t e  1 , d e s ig n a te d  by  L indberg  (38) a s  N - l  an d  D - l  r e s p e c t iv e ly ,  
w e re  th e  o r ig in  o f a l l  c u l tu re s  u s e d  in  t h i s  s tu d y .  A sp o re  s u s p e n s io n  
w a s  p re p a re d  a s e p t l c a l ly  from  th e  no rm al c u l tu r e ( p o u red  in to  p la te s  
c o n ta in in g  2 p e r  c e n t  a g a r  an d  k e p t o p e n  for a  sh o r t  tim e  to  a llo w  th e  
w a te r  to  e v a p o r a te . S in g le  c o n id la  w e re  p ic k e d  w ith  a  p o in te d  in o c u ­
la t in g  n e e d le  a n d  t r a n s fe r re d  to  a g a r  p l a t e s . H y p h a l t ip s  from th e  
g e rm in a tin g  c o n ld ia  w e re  I s o la te d  to  f re s h  c u ltu re  m e d ia . O ne su c h  
s in g le - s p o r e  I s o la te  d e s ig n a te d  8 N -1  w a s  u s e d  th ro u g h o u t th e s e  s tu d ie s  
a s  th e  s to c k  c u ltu re  for th e  no rm al fu n g u s a n d  p ro p a g a te d  by  s u b c u l­
tu rln g  on  PDA. C o n s ta n t  c a re  w a s  ta k e n  du rin g  th e  p ro p a g a tio n  to  a v o id  
an y  s e c to r in g  or o th e r  m a c ro s c o p lc a l  d e v ia tio n  from th e  o r ig in a l  I s o l a t e . 
The d i s e a s e  or a b n o rm a lity  w a s  t r a n s m it te d  to  norm al S N -1  by  th e  m ethod  
u s e d  by  L indberg  (36) an d  th e  d i s e a s e d  c u ltu re  h a s  h e re in  b e e n  d e s ig ­
n a te d  a s  S D - 1 . I t  w a s  a ls o  p ro p a g a te d  by  su b c u ltu r ln g  on PDA.
M o rp h o lo g ic a l s tu d ie s
A s u i ta b le  m ethod  for p rep a rin g  m a te r ia l  for m ic ro sc o p ic  e x a m in a ­
t io n  w ith o u t d is tu rb in g  th e  g ro w th  h a b it  an d  o th e r  f e a tu re s  o f m ycelium  
w a s  m o s tly  u s e d  (5 1 ). C e llo p h a n e  p ie c e s  a b o u t 3 x 1  cm  w e re  p la c e d  in  
d i s t i l l e d  w a te r  a n d  s t e r i l i z e d  by  b o ilin g  o r a u to c la v in g  for 15 m in u te s .
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The c e l lo p h a n e  p ie c e s  w e re  tr a n s fe r re d  a s e p t lc a l ly  to  th e  s u r fa c e  o f 
PDA c u ltu re  p la te s  a n d  a rra n g e d  r a d ia l ly .  Inocu lum  from  norm al o r 
d i s e a s e d  fu n g u s p la c e d  In  th e  c e n te r  o f th e  c u ltu re  p la te s  g rew  on  th e  
u p p e r  s u r fa c e  r a th e r  th a n  b e tw e e n  th e  c e l lo p h a n e  a n d  a g a r .  The c e l lo ­
p h a n e  fu n g u s  p re p a ra tio n s  w e re  c a re fu l ly  rem o v ed  from  th e  p la te s  and  
p la c e d  o n  m ic ro sc o p e  s l id e s  for e x a m in a tio n  e i th e r  d ire c t ly  or a f te r  
f ix in g  a n d  s t a in in g . The fo llo w in g  th re e  s ta in in g  m eth o d s w e re  u s e d .
I ro n -p ro p io n o -c a rm ln e  w a s  p re p a re d  b y  d is s o lv in g  1 g o f ca rm in e  
In  100 ml o f b o ilin g  45 p e r  c e n t  p ro p io n ic  a c id  a n d  In c o rp o ra tin g  th e  Iron  
by  d ip p in g  a  d is s e c t in g  n e e d le  in  th e  s t i l l  w arm  d y e .  O ne o r  tw o  d ro p s 
o f th e  co m b in ed  s t a in  an d  f ix a t iv e  w e re  p la c e d  on  th e  c e l lo p h a n e  fu n g u s 
p re p a ra t io n  o n  a  m ic ro sc o p e  s l id e  an d  a  c o v e r s l ip  a d d e d . In  som e in ­
s t a n c e s  th e  p re p a ra tio n  w a s  h e a te d  g e n tly  for a  few  m in u te s  b e fo re  th e  
c o v e r s l ip  w a s  s e a le d  w ith  m e lted  p a ra ff in  (5 5 ).
A m o d ified  h e m a to x y lin  s ta in in g  m ou n tan t (26) w a s  p re p a re d  by 
d is s o lv in g  10 g  o f f in e ly  g ro u n d  gum  a ra b le  w ith  g e n tle  h e a tin g  In  a 
so lu t io n  o f 5 ml fo rm ic  a c id  in  25 ml d i s t i l l e d  w a te r .  T w o -te n th s  gram  
o f  h e m a to x y lin , 0 . 8  g o f fe r r ic  a lum  a n d  0 . 2  g o f ch rom e a lum  w ere  
g ro u n d  to  a  f in e  p ow der a n d  d is s o lv e d  in  th e  gum  a ra b le  s o lu t io n .  The 
m ix tu re  w a s  th e n  p la c e d  In  a n  em bedd ing  o v e n  a t  60°C  fo r 24 h o u r s .
A fter th e  p re p a ra tio n  h a d  c o o le d  to  room  te m p e ra tu re , i t  w a s  c e n tr ifu g e d  
a t  2 0 ,0 0 0  x  g ra v ity  fo r 45 m in u te s .  A fter d e c a n tin g  th e  p re p a ra tio n  from  
th e  c e n tr ifu g e  t u b e s , 12 m l o f g ly c e r in e  a n d  12 g o f c h lo ra l  h y d ra te  w ere  
In c o rp o ra te d  b y  g e n t le  s t i r r in g . O n ly  a  few  d ro p s  o f th e  s ta in in g  m oun tan t
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p re p a ra tio n  w e re  n e e d e d  for e a c h  s l i d e .
The g ie m sa  s ta in in g  m ethod  (2 2 , 2 3 , 33) w a s  a ls o  u s e d .  The 
c e l lo p h a n e  fu n g u s p re p a ra tio n s  w e re  le f t  in  a  k i l l in g  an d  fix in g  m ix tu re  
o f 3 p a r ts  o f  a b s o lu te  e th y l  a lc o h o l  an d  1 p a rt o f  g l a c ia l  a c e t i c  a c id  
o v e rn ig h t ,  t r a n s fe r r e d  to  95 p e r  c e n t  a lc o h o l  fo r 10 m in u te s , an d  s to re d  
in  70 p e r c e n t  a lc o h o l .  The f ix e d  m a te r ia l  w a s  p la c e d  In  d i s t i l l e d  w a te r  
fo r 10 m in u te s , t r a n s fe r re d  to  c o ld  IN  HC1 for 10 m in u te s , Im m ersed  in  
IN  HC1 a t  6 0 °C  fo r 10 -12  m in u te s ,  an d  th e n  s ta in e d  for 15 to  30 m in u te s  
o r m o re . To m ake th e  s ta in in g  s o lu t io n ,  0 .5  g o f g ie m sa  pow der 
(N a tio n a l A n ilin e  D iv is io n ,  c e r t .  N o . NGe 17) w a s  d is s o lv e d  in  33 ml 
g ly c e r in  a t  5 5 ° -6 0 ° C  fo r 1 1 /2  to  2 h o u r s .  To th i s  33 ml of m ethy l 
a lc o h o l  w a s  a d d e d . O ne or tw o  d ro p s  p e r ml of th i s  l iq u id  w e re  a d d e d  
to  a  p h o s p h a te  b u ffe r  s o lu t io n .  The b u ffe r  s o lu tio n  c o n ta in e d  50 ml of 
M /5  KH2PO4 , en o u g h  M /5  NaOH to  b ring  th e  pH up  to  6 . 9 ,  an d  d i s ­
t i l l e d  w a te r  to  m ake a  f in a l  b u ffe r  s o lu t io n  o f  200 m l. F in a l ly ,  th e  
c e l lo p h a n e  fu n g u s p re p a ra tio n s  w e re  rem oved  from th e  s ta in in g  s o lu t io n ,  
r in s e d  s e v e ra l  t im e s  in  d i s t i l l e d  w a te r  an d  o n c e  in  b u ffe r , a n d  p la c e d  on  
m ic ro sc o p e  s l i d e s .  S em ip e rm an en t m ounts w e re  m ade In b u ffe r s o lu t io n  
s a tu ra te d  w ith  A bopon .
Respiration studies
F iv e -  to  10*day  o ld  s u b c u l tu re s  o f no rm al ($N -1 ) an d  d is e a s e d  
(SD -1) H . v ic to r ia e  w e re  u s e d  aB a  so u rc e  of in o cu lu m  fo r a l l  r e s p ira t io n  
s t u d i e s .
14
P re lim in a ry  e x p e rim e n ts  w e re  c a r r ie d  o u t by  u s in g  m ycelium  from 
s ta t io n a ry  c u l tu re s  in  a  m od ified  P r ie s ' l iq u id  m edium  (4 2 ). F ifty  ml of 
m edium  in  2 5 0 -m l E rlenm eyer f l a s k s  w a s  in o c u la te d  w ith  a  3 -m m  c u b e  o f 
m y c e lia l  m at p lu s  a g a r .  The f la s k s  w e re  in c u b a te d  a t  2 6 ° *  0 .5  C for 
10 d a y s ,  th e  m y c e lia l  m a ts  w a s h e d  w ith  d i s t i l l e d  w a te r ,  c u t  In to  2 -3  
mm p ie c e s ,  an d  w a s h e d  s e v e ra l  t im e s  w ith  d i s t i l l e d  w a te r  an d  0 .0 5  
p h o sp h a te  b u ffe r  o f pH 5 .0  in  a  B uchner fu n n e l .  A bout 300 mg w e t 
m y c e lia l  p ie c e s  w e re  p la c e d  in  th e  m ain  co m p artm en t of e a c h  r e s p i r a ­
t io n  v e s s e l  o f a W arburg  m anom etric  a p p a ra tu s  to g e th e r  w ith  2 ml o f th e  
b u f fe r .  O ne h a lf  ml o f 0 .1  M s u c ro s e  s o lu t io n  w a s  a d d e d  in  th e  s id e  
a rm . R e ad in g s  w ere  re c o rd e d  a t  15-m lnu te  In te rv a ls  a f te r  a  15-m in u te  
e q u il ib ra t io n  p e r io d . The dry w e ig h t a n d  n itro g e n  c o n te n t  w e re  d e te r ­
m ined  a t  th e  en d  o f e a c h  e x p e r im e n t. The n itro g e n  c o n te n t  d e te rm in a ­
t io n s  w e re  m ade by  a  m lc ro -K Je ld ah l p ro c e d u re .
L a te r  e x p e r im e n ts  w e re  c a r r ie d  o u t by u s in g  m y c e lia l  p e l l e t s  from 
sh a k e  c u l tu re s  in  2 5 0 -m l E rlenm eyer f l a s k s .  F ifty  ml o f th e  a b o v e  m en­
t io n e d  F r ie s ' m edium  w e re  a d d e d  to  e a c h  o f s e v e ra l  r e p l ic a te  f l a s k s .  
F la s k s  w e re  In o c u la te d  w ith  a  m y c e lia l  s u s p e n s io n  p re p a re d  by  m acera tin g  
m y c e lia l  m at c o v e rin g  a p p ro x im a te ly  h a lf  th e  s u r fa c e  of a  p e tr l  p la te  in  
100 ml o f s t e r i l e  w a te r  in  a  W arin g  b le n d o r  for 1 m in u te . Two ml o f 
t h i s  s u s p e n s io n  w e re  a d d e d  to  e a c h  f l a s k .  The f la s k s  w e re  th e n  p la c e d  
in  a  t i l t in g  p o s i t io n  o n  a  s h a k e r  h a v in g  180 c l r c l l c  m ovem en ts a  m inu te  
a t  2 4 °  to  2 5 °  C .
At th e  en d  o f th e  in c u b a tio n  p e r io d , th e  p e l l e t s  w e re  rem o v ed  from 
th e  f l a s k s ,  w a s h e d  s e v e ra l  t im e s  w ith  d i s t i l l e d  w a te r  in  a B uchner fu n n e l 
o r a  c o a r s e  s in te re d  g l a s s  fu n n e l , and  w a s h e d  o n c e  w ith  0 .0 5  M p h o s ­
p h a te  b u ffe r  a t  pH 5 . 0 .  W et p e l l e t s  w e re  c o a r s e ly  frag m en ted  in  a  
W arin g  b le n d o r  fo r 5 s e c o n d s  in  5 p a r ts  o f b u f fe r .  O ne an d  o n e -h a l f  ml 
o f th e  s u s p e n s io n  w a s  p ip e t te d  in  th e  m ain  co m p artm en t o f e a c h  r e s p i r a ­
t io n  v e s s e l ,  to  w h ic h  0 .5  ml o f b u ffe r  a lo n e  or th e  d e s i r e d  c o n c e n tra tio n  
o f DNP w a s  a d d e d . O n e -h a lf  ml of 0 .0 5  M s o lu t io n  o f a n h y d ro u s  d e x ­
t r o s e  w a s  p ip e t te d  in  th e  s id e  a rm . A fo ld ed  f i l t e r  p a p e r  crim p w e ig h in g  
0 .0 3  g a n d  0 .2  ml o f 20 p e r  c e n t  KOH w e re  a d d e d  to  th e  c e n te r  w e l l .  
C a rb o n  d io x id e  p ro d u c tio n  w a s  m e a su re d  w ith  p a ra l le l  v e s s e l s  from 
w h ic h  p o ta s s iu m  h y d ro x id e  w a s  o m it te d . A ll e x p e rim e n ts  w e re  c a r r ie d  
o u t a t  2 5 °C  w ith  a ir  a s  th e  g a s  p h a s e .  R e ad in g s  w e re  re c o rd e d  a t  3 0 -  
m in u te  in te rv a ls  a f te r  a  3 0 -m in u te  e q u il ib ra t io n  p e r io d . T w o, th r e e ,  or 
fou r r e p l ic a te  v e s s e l s  w e re  u s e d  for e a c h  tr e a tm e n t .  The d ry  w e ig h t 
d e te rm in a tio n s  w e re  m ade a t  th e  s ta r t  o n  a l iq u o ts  o f th e  m y c e lia l s u s ­
p e n s io n , w h ic h  w e re  a llo w e d  to  dry  for th re e  d a y s  in  a n  o v en  a t  ab o u t 
8 0 ° C . The n itro g e n  c o n te n t  w a s  d e te rm in e d  on  th e  sam e  a liq u o ts  by a 
m ic ro -K je ld h a l p ro c e d u re .
Infection studies
O at s e e d l in g s  w e re  grow n in  th e  g re e n h o u s e  in  8 - ln c h  p o ts  and  
in o c u la te d  in  th e  2 -3  le a f  s t a g e .  A 3 -m m  c u b e  of m y c e lia l  m at p lu s  
a g a r  w a s  p la c e d  in  th e  a x lle  o f th e  p rim ary  l e a f  w ith  th e  fu n g u s p o rtio n
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In  c o n ta c t  w ith  th e  l e a f  b la d e .  The Inocu lum  w a s  c o v e re d  w ith  a  sm a ll  
p ie c e  o f  m o is te n e d  a b so rb e n t c o t to n .  The In o c u la te d  p o ts  w e re  p la c e d  
In  a  m o is t c h am b er o r le f t  on  a  b e n c h  a n d  c o v e re d  w ith  g l a s s  b e l l  J a r s .  
P ie c e s  o f In o c u la te d  le a v e s  1/2 to  1 cm  lo n g  w e re  ta k e n  6 , 9 ,  12, 18 ,
2 4 , 3 6 , 4 8 , 7 2 , 9 6 , an d  120 h o u rs  a f te r  In o c u la t io n , a n d  k i l le d  an d  
f ix e d  In  a n  a c e t i c  a c id - a lc o h o l  f ix a t iv e  (m ix tu re  o f e q u a l  p a r ts  o f 95 
p e r  c e n t  a lc o h o l  an d  g la c ia l  a c e t i c  a c i d ) . A fter tw o  d a y s , th e  le a f  
p ie c e s  w e re  c le a re d  in  70 to  75 p e r c e n t  la c t i c  a c id  for s e v e r a l  d a y s  
a t  room  te m p e ra tu re  (1 3 ). The c le a re d  m a te r ia l  w a s  ta k e n  from  th e  
c le a r in g  a g e n t an d  th e  e x c e s s  l a c t i c  a c id  rem oved  w ith  b lo ttin g  p a p e r .  
W h o le  m oun ts a n d  f re e -h a n d  s e c t io n s  w e re  s ta in e d  10 to  20 m in u te s  
w ith  a c id  fu c h s in  in  la c to p h e n o l (5 ml o f 1 p e r  c e n t  a q u e o u s  s o lu tio n  
o f  a c id  fu c h s in  a n d  100 ml o f A m an 's  la c to p h e n o l) .  The e x c e s s  s ta in  
w a s  rem oved  w ith  b lo tt in g  p a p e r  an d  th e  s ta in e d  m a te r ia l  w a s  r in s e d  
a n d  m ounted  in  la c to p h e n o l .  F re e -h a n d  s e c t io n s  w e re  a ls o  ex am in ed  
d i r e c t ly ,  w ith o u t c le a n in g  an d  s ta in in g .
P a ra ff in  s e c t io n s  o f te n  sh o w ed  som e c o l la p s in g  o f th e  t i s s u e ,  and  
no s ta in in g  p ro c e d u re  w a s  found  w h ic h  g a v e  s a t i s f a c to r y  d if fe re n t ia t io n  
b e tw e e n  th e  m ycelium  an d  th e  h o s t  t i s s u e .
EXPERIMENTAL RESULTS
M o rp h o lo g ica l s tu d y  o f  norm al an d  d i s e a s e d  H . v ic to r ia e
N orm al H . v ic to r ia e  t r a n s p la n te d  to  c u ltu re  p la te s  c o n ta in in g  
c e l lo p h a n e  p ie c e s  g rew  ra p id ly  a t  room  te m p e ra tu re s .  In  4 -5  d a y s  
th e  m ycelium  c o v e re d  th e  s u r fa c e  o f th e  p la te  w ith  a  d e n s e ,  tu f te d  
c o lo n y . The c o lo r  o f th e  c o lo n y  w a s  l ig h t  g re e n is h  du rin g  th e  p e rio d  
o f ra p id  g ro w th , b u t la te r  tu rn e d  to  m edium  g r a y .  I t h a s  b e e n  show n 
th a t  norm al H . v ic to r ia e  d ip p ed  in to  a  frag m en ted  s u s p e n s io n  of 
d i s e a s e d  fu n g u s  g a v e  r i s e  to  c o lo n ie s  w ith  w e ll  e s ta b l is h e d  sym ptom s 
o f  th e  d i s e a s e  w ith in  72 h o u rs  (3 6 ). The in o c u la te d  c o lo n ie s  d e v e lo p e d  
d i s e a s e d  s e c to r s  w h e re  g row th  o f th e  fu n g u s a lm o s t c o m p le te ly  s to p p e d . 
The d i s e a s e  sp re a d  th ro u g h  th e  young  h y p h a e  a t  th e  m arg in s o f th e  
c o lo n ie s  a n d  m uch o f th e  a e r ia l  m ycelium  b e h in d  th e  m arg in s c o l la p s e d .  
D uring  th e  p re s e n t  s tu d y , Inocu lum  w a s  ta k e n  from d i s e a s e d  a re a s  of 
n ew ly  in o c u la te d  c o lo n ie s  an d  p ro p a g a te d  by  s u c c e s s iv e  t r a n s p la n t in g s . 
D uring th i s  p ro p a g a tio n , c o n s ta n t  c a re  w a s  ta k e n  to  u s e  in o cu lu m  from 
s e v e re ly  d i s e a s e d  m y ce liu m . Such  s u b c u ltu re s  r e s u l te d  in  very  s m a ll ,  
b ro w n is h -g ra y , d i s e a s e d  c o lo n ie s  w ith  i r re g u la r  s h a p e s .  S ubm erged  
m ycelium  w a s  v e ry  d e n s e  an d  o f te n  e x te n d e d  to  th e  lo w e r s u r fa c e  of 
th e  a g a r ,  w h ile  th e  a e r ia l  p o r t io n s  w e re  s c a n ty  and  o f te n  c o m p le te ly  
a b s e n t  a t  th e  m a rg in . At o th e r  t im e s ,  su b m e rg ed  m ycelium  grew  In  
i s o la te d  a r e a s  from w h ic h  s c a n ty  a e r ia l  tu f ts  e m e rg e d .
17
18
Young h y p h a e  g row ing  o n  c e llo p h a n e  p ie c e s  from  norm al c o lo n ie s , 
new ly  In o c u la te d  c o lo n ie s ,  a n d  sm a ll  c o lo n ie s  d e riv e d  from  s u c c e s s iv e  
s u b c u ltu re s  of d i s e a s e d  c o lo n ie s ,  w e re  s ta in e d  a n d  ex am in ed  m ic ro ­
s c o p ic a l ly .  T h o se  from  norm al c o lo n ie s  w e re  lo n g , m o stly  s t r a ig h t ,  
w ith  a  few  l a t e r a l  b r a n c h e s ,  an d  o f te n  a rra n g e d  in  b u n d le s  (F ig s . 1 , 2 ,  
3 ) .  The w id th  o f th e  o ld e r  p o r tio n s  o f th e  h y p h a e  m e a su re d  4 to  6 u , 
g ra d u a lly  ta p e re d  to  1 .5  to  3 .5  u  a t  th e  t i p s ,  an d  b u lg e d  s l ig h tly  a t  
th e  s e p ta t lo n s .  The le n g th  o f c e l l s  m n g e d  from ab o u t 15 u a t o ld e r  
p o r tio n s  o f h y p h a e  to  SO u or m ore a t  y o u n g e r p o r t io n s .  In  p re p a ra tio n s  
s ta in e d  w ith  g le m s a ,  s e v e ra l  n u c le i  (m o stly  4 -6 )  a p p e a re d  in  e a c h  c e l l  
(F ig . 4 ) .
Young h y p h a e  from new ly  d i s e a s e d  c o lo n ie s  g e n e ra l ly  grew  
s in g ly  an d  w e re  a lig n e d  in  d if fe re n t  d i r e c t io n s .  The d im e n s io n s  o f th e  
h y p h a e  d id  no t d if fe r  a p p re c ia b ly  from th o s e  of th e  norm al f u n g u s , b u t 
th e  young  h y p h a e  o f new ly  in fe c te d  c o lo n ie s  sh o w ed  v a r io u s  d e g re e s  
o f ly s i s  a n d  a  v a r ie ty  o f d is to r t io n s  (F ig s . 5 , 6 , 7 , 8 ) .  The a p ic a l  
p o r tio n s  w e re  so m e tim es  tw is te d  an d  s w o lle n , an d  th e ir  la te r a l  b ra n c h e s  
w e re  sh o r t an d  s l ig h t ly  s w o lle n .  M any c e l l s  sh o w ed  a d e g e n e ra tio n  or 
l y s i s  o f th e  p ro to p la sm . U n lik e  th e  norm al fu n g u s w h ich  had  a more or 
l e s s  t r a n s p a re n t  an d  un ifo rm ly  s ta in e d  c y to p la s m  th ro u g h o u t th e  c e l l ,  
th e  c y to p la s m  o f th e  d e g e n e ra tin g  c e l l s  a p p e a re d  to  c o n ta in  g ra n u le s  of 
d if fe re n t  s h a p e s  an d  s i z e s ,  and  s ta in e d  s l ig h t ly  d if f e r e n t ly .  S o m e tim e s , 
o n ly  p o r tio n s  of su c h  c e l l s  h ad  lo s t  th e i r  p ro to p la sm , w h ile  in  o th e r
F ig u re  1 . N orm al j l . v ic to r ia e  s ta in e d  w ith  iro n -p ro p io n o -
c a rm in e .
F igu re  2 .  N orm al H . v ic to r ia e  s ta in e d  w ith  h e m a to x y lin .
F igure  3 .
F ig u re  4 .
N orm al H . v ic to r ia e  s ta in e d  w ith  g le m s a .
N orm al v ic to r ia e  s ta in e d  w ith  g le m sa  and 
sh o w in g  n u c le i .
F igure  5 .  N ew ly  d i s e a s e d  ££. v ic to r ia e  s ta in e d  w ith
iro n -p ro p lo n o -c a rm in e .
F igu re  6 . N ew ly  d i s e a s e d  |£ .  v ic to r ia e  s ta in e d  w ith  
i ro n -p ro p lo n o -c a rm ln e .
F igu re  7 .
F igu re  8 .
N ew ly  d i s e a s e d  H . v ic to r ia e  s ta in e d  w ith  
h e m a to x y lin .
N ew ly  d i s e a s e d  H . v ic to r ia e  s ta in e d  w ith  
g le m s a .
23
c a s e s  th e  c e l l s  a p p e a re d  to  b e  c o m p le te ly  d e v o id  o f p ro to p la sm . In 
m any s u c h  c a s e s  g lo b u la r  m a s s e s  o f p ro to p la sm  w e re  ex u d ed  o u ts id e  
th e  c e l l ,  an d  w e re  c lo s e ly  a p p re s s e d  on  th e  c e l l  w a l l .  In  d e g e n e ra tin g  
p o r tio n s  o f th e  h y p h a e  a tte m p ts  to  d e te c t  n u c le i  w e re  u n s u c c e s s f u l .
C e llo p h a n e  p re p a ra tio n s  from  d i s e a s e d  c o lo n ie s  d e riv e d  from 
s u c c e s s iv e  s u b c u ltu re s  of d is e a s e d _ H . v ic to r ia e  w e re  c o v e re d  w ith  
d e n s e ly  p a c k e d  h y p h a e  (F ig s . 9 ,  10 , 11 ). S uch  h y p h a e  g rew  in  d if fe r ­
e n t  d ire c tio n s  and  w e re  sh o rt an d  g re a t ly  b ra n c h e d . T h e ir w id th s  v a rie d  
g re a t ly  from  c e l l  t o  c e l l  and  e v e n  w ith in  s in g le  c e l l s , m ea su rin g  from 
1 o r  2 u  to  10 u o r m o re . The sam e v a r ia b i l i ty  h e ld  tru e  w ith  th e  le n g th  
o f in d iv id u a l c e l l s ,  from a few  u to  40 u o r m o re . The h y p h a e  w e re  c o n ­
s t r ic te d  a t  th e  s e p t a . In  o ld e r  p o r tio n s  o f th e  m ycelium  th e re  w e re  
s h o r t ,  s w o lle n ,  th ic k - w a l l e d ,  a p ic a l  o r in te r c a la ry  c e l l s  w h ic h  h ad  
th e  a p p e a ra n c e  o f c h la m y d o s p o re s . In  som e I n s ta n c e s ,  a n o th e r  so rt 
o f g row th  a p p e a re d  a t th e  m arg in  of th e  c o lo n y . H ere  th e  h y p h ae  a p ­
p e a re d  h y a l in e ,  ra th e r  sh o rt and  a rra n g e d  In f in g e r - l lk e  p a t te rn s  (F ig . 10). 
A sid e  from  th e s e  d i s to r t io n s ,  young  h y p h a e  d id  no t show  an y  o f th e  ly tic  
or d e g e n e ra t iv e  c h a r a c te r i s t i c s  d e s c r ib e d  a b o v e . P re p a ra tio n s  s ta in e d  
w ith  g le m sa  sh o w ed  s e v e ra l  (up to  11) n u c le i  in  e a c h  c e l l  (F ig . 12), 
a n d  th e  p ro to p la sm ic  c o n te n t  w a s  In ta c t  and  s ta in e d  u n ifo rm ly .
The norm al fu n g u s sp o ru la te d  a b u n d a n tly  on  PDA. The c o n ld la  
w e re  1 -  to  6 - c e l le d  an d  m ea su re d  2 1 -4 9  x 11 -17  u a t  m a tu r ity . It h a s  
b e e n  sh o w n  th a t  In  1 , 2 , an d  3 -w e e k  o ld  c u ltu re s  of d is e a s e d
F ig u re  9 .  D is e a s e d  H . v ic to r ia e  o b ta in e d  b y  su b c u ltu r ln g  
from  s e v e re ly  d i s e a s e d  m ycelium  a n d  s ta in e d  
w ith  h e m a to x y lin .
F ig u re  1 0 . Sam e a s  F ig u re  9 b u t sh o w s a d if fe re n t  p a tte rn  
o f g row th  o f m ycelium  a t th e  m arg in  of th e  
c o lo n y .
F igu re  X I. D is e a s e d  j j .  v ic to r ia e  o b ta in e d  by  su b c u ltu r ln g  
from  s e v e re ly  d i s e a s e d  m ycelium  a n d  s ta in e d  
w ith  g ie m s a .
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F igure  1 2 . D is e a s e d  v ic to r ia e  o b ta in e d  by  su b c u ltu r ln g  
from  s e v e re ly  d i s e a s e d  m y ce liu m , s ta in e d  w ith  
g le m s a ,  a n d  sh o w in g  n u c le i .
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H . v ic to r ia e  c o n ld la l  p ro d u c tio n  w a s  fa r  b e lo w  th a t  of th e  norm al 
fu n g u s  (3 8 ). C o n id la  from  d i s e a s e d  c o lo n ie s  u s e d  in  th i s  s tu d y  w e re  
o v a l in  s h a p e ,  1 -  to  2 - c e l l e d ,  an d  m e a su re d  1 4 -2 8  x  1 0 -14  u .
R e sp ira to ry  s tu d ie s  o f no rm al an d  d i s e a s e d  H . v ic to r ia e
T hree  e x p e rim e n ts  w e re  c a r r ie d  o u t w ith  1 0 -d ay  o ld  m y c e lia l 
m a ts  from s ta tio n a ry  c u l tu re s  o f norm al a n d  d i s e a s e d  H . v ic to r ia e  w ith  
3 r e p l ic a te s  in  e a c h  tre a tm e n t (T able  l ) .  The re s p ira to ry  ra te  in  th e  
a b s e n c e  o f a n  e x te rn a l  s u b s tr a te  (en d o g e n o u s  re s p ira t io n )  a s  w e ll  a s  
th a t  in  th e  p re s e n c e  of 0 .0 2  M s u c ro s e  h a s  b e e n  e x p re s s e d  by  th e  
am ount o f o x y g en  ta k e n  up  on  b o th  th e  b a s i s  o f dry  w e ig h t a n d  n itro g e n  
c o n te n t  o f th e  m y ce liu m . The re s p ira to ry  r a te  o f th e  d i s e a s e d  fu n g u s h a s  
a ls o  b e e n  ta b u la te d  a s  p e r  c e n t  of th a t  o f th e  no rm al f u n g u s . Dry w e ig h t 
a n d  n itro g e n  c o n te n t  d e te rm in a tio n s  w e re  m ade a t  th e  end  of e a c h  e x ­
p e rim en t on  th e  s a m p le s  u s e d .  R e sp ira tio n  c o rre sp o n d in g  to  th e  o x id a ­
t io n  o f s u c ro s e  h a s  b e e n  c a lc u la te d  by s u b tra c tin g  th e  o x y g e n  u p ta k e  
in  th e  a b s e n c e  of an y  s u b s tr a te  from th e  o x y g en  u p ta k e  o v e r th e  sam e 
in te rv a l  in  th e  p re s e n c e  o f  s u c r o s e .  T h is i s  a  c o n v e n t io n a l ,  w id e ly  
u s e d  m e th o d . H o w ev e r, I ts  a c c u ra c y  i s  c o n s id e re d  q u e s t io n a b le ,  
s in c e  th e  p o s s ib le  e f fe c t  o f th e  In te rn a l  s u b s t r a te  on  th e  o x id a tio n  o f 
th e  e x te rn a l  s u b s tr a te  o r th e  p o s s ib le  In f lu e n c e  of th e  e x te rn a l  s u b s tr a te  
o n  th e  e n d o g e n o u s  r e s p i r a t io n  i s  no t y e t  d e f in i te ly  know n (1 1 , 6 3 ).
In  e a c h  e x p e rim e n t th e  r e s p ira to ry  r a te  o f d i s e a s e d  H . v ic to r ia e  
b o th  e n d o g e n o u s  an d  in  th e  p re s e n c e  of s u c r o s e ,  w a s  h ig h e r  th a n  th a t  of
Table 1. Respiratory rate of 10-day old mycelium of normal (SN-l) and diseased (SD-1) H. victoriae from 
stationary cultures.
Respiration in the absence of an 
external substrate (endogenous)
Respiration with sucrose as 
external substrate
Respiration corresponding to 
the oxidation of sucrose
SN-l £D-1_ % SN-l _.3)i SD-1 % SN-l SN-l SD-1 % SN-l
Exp. ** v» ^ V10 ,  v ^ V
1 4.7 115 5.9 230 126 124 5.9 225 6.8 265 115 118 1.2 40 0.9 35 75 87
2 5.6 196 6.6 220 120 112 6.8 237 8.0 265 118 112 1.2 41 1.4 45 117 110
3 4.4 148 5.1 178 118 120 5.8 190 6.2 212 107 112 1.4 42 1.1 34 78 81
Ave. 4.9 176 5.9 209 121 118 6.2 217 7.0 247 113 114 1.3 41 1.1 38 90 93
■=* Q0  * ul 0 2 /mg dry weight/hour
mm
“ ul Oj/mg mycelial nitrogen/hour
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n orm al c u l tu r e s .  O n th e  a v e r a g e ,  e n d o g e n o u s  r e s p i ra t io n  of th e  
d i s e a s e d  fu n g u s e x c e e d e d  th a t  o f th e  no rm al fu n g u s b y  a b o u t 20 p e r 
c e n t .  T here  w a s ,  h o w e v e r , c o n s id e ra b le  f lu c tu a t io n  in  th e  re s p ira to ry  
r a t e s  o f b o th  th e  norm al an d  th e  d i s e a s e d  fu n g u s , for e x am p le  th e  
d i s e a s e d  fu n g u s in  th e  th ird  e x p e rim e n t h a d  lo w er re s p ira to ry  r a te s  
th a n  th a t  o f th e  norm al fu n g u s in  th e  s e c o n d  e x p e r im e n t. In  a s im ila r  
m a n n e r , th e  d a ta  for r e s p i r a t io n  c o rre sp o n d in g  to  th e  o x id a tio n  o f 
s u c ro s e  w e re  no t c o m p a rab le  am ong e x p e r im e n ts .  The re s p ira to ry  r a te  
of th e  norm al fu n g u s w a s  h ig h e r  th a n  th a t  o f th e  d i s e a s e d  fu n g u s in  th e  
f i r s t  an d  th ird  e x p e r im e n ts , w h e re a s  th e  o p p o s i te  e f f e c t  w a s  o b se rv e d  
in  th e  s e c o n d  e x p e r im e n t. S t a t i s t i c a l  a n a ly s i s  g a v e  L .S .D .  (0 .0 5 )  *
1 .6 7  (d a ta  o n  d iy  w e ig h t b a s i s ) ,  o r L .S .D .  (0 .0 5 )  *  40  (d a ta  on b a s i s  
o f n itro g e n  c o n te n t)  fo r c o m p a riso n  w ith  d if fe re n c e s  b e tw e e n  an y  tw o  
a v e ra g e s  l i s t e d  in  T ab le  1 .
I t  w a s  th o u g h t th a t  s u c h  v a r ia b i l i ty  m ight b e  d u e ,  a t  l e a s t  in  p a r t ,  
to  d if f e re n c e s  in  th e  m e tab o lism  o f su b m erg ed  v e r s u s  a e r ia l  m ycelium  
in  s ta t io n a ry  c u l tu r e s ,  s in c e  i t  w a s  very  u n lik e ly  th a t  s a m p le s  of 
uniform  c o m p o s itio n  w e re  o b ta in e d  (1 1 ). A c c o rd in g ly , a l l  s u b s e q u e n t 
e x p e r im e n ts  w e re  c a r r ie d  o u t b y  u s in g  m y c e lia l  p e l l e t s  from s h a k e -  
c u l tu r e s .  In  t h e s e  e x p e r im e n ts , 0 .0 1  M d e x tro s e  w a s  u s e d  a s  a n  
e x te rn a l  s u b s t r a t e .  The re s p ira to ry  r a te  c o rre sp o n d in g  to  th e  o x id a tio n  
o f t h i s  s u b s tr a te  w a s  c a lc u la te d  a s  In  th e  p re v io u s  e x p e r im e n ts . Dry 
w e ig h ts  a n d  n itro g e n  c o n te n ts  w e re  d e te rm in e d  from a l iq u o ts  a t  th e
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s ta r t  o f  th e  e x p e r im e n t.
To t r a c e  th e  r e s p ira to ry  r a te  o f norm al an d  d i s e a s e d  H . v ic to r ia e  
du rin g  a  p e rio d  o f 10 d a y s  a f te r  t r a n s p la n t in g ,  r e s p ira to ry  m e a s u re m e n ts , 
b a s e d  on  dry  w e ig h ts  (T ab le  2 ) , w e re  m ade e v e ry  s e c o n d  d a y .  The e x p e r i ­
m en t w a s  perfo rm ed  tw ic e  w ith  four r e p l ic a te s  fo r e a c h  t r e a tm e n t . A verage  
v a lu e s  of th e  tw o  e x p e rim e n ts  h a v e  b e e n  p lo tte d  (F ig . 13) a n d  th e  d a ta  
o f th e  tw o  e x p e rim e n ts  w e re  co m b in ed  an d  a n a ly z e d  s t a t i s t i c a l l y  a s  a  
f a c to r ia l - ty p e  e x p e r im e n t. T h is a n a ly s i s  g a v e  L .S .D .  (0 .0 5 )  = 1 .7 4  and  
L .S .D .  (0 .0 1 )  s  2 .3 5  for c o m p a riso n  w ith  d if fe re n c e s  b e tw e e n  an y  tw o  
a v e ra g e s  l i s t e d  In  T ab le  2 o r  p lo tte d  In F igu re  1 3 . As It Is  show n  In 
F ig u re  1 3 , th e  r a te s  for e n d o g e n o u s  r e s p i ra t io n  an d  th a t  in  th e  p re s e n c e  
o f d e x tro s e  o f b o th  norm al an d  d i s e a s e d  H_. v ic to r ia e  w e re  h ig h  up to  th e  
fo u rth  d a y  a f te r  t r a n s p la n t in g . A fter th e  fo u rth  d ay  th e  r e s p ira to ry  r a te s  
d ro p p ed  ra th e r  a b ru p t ly .  From th e  s e c o n d  th ro u g h  th e  s ix th  d a y ,  th e  
re s p ira to ry  r a te  o f th e  d i s e a s e d  fu n g u s w a s  c o n s ta n t ly  h ig h e r  th a n  
th a t  o f th e  norm al fu n g u s . A fter th e  s ix th  d a y , th e  r e s p ira to ry  r a te s  o f 
th e  norm al an d  th e  d i s e a s e d  fu n g u s te n d e d  to  a p p ro a c h  e a c h  o th e r ,  an d  
from  th e  e ig h th  u n til  th e  te n th  d ay  th e  r a te s  w e re  m ore or l e s s  th e  s a m e . 
The re s p ira to ry  r a te s  c o rre sp o n d in g  to  th e  o x id a tio n  o f d e x tro s e  fo llo w ed  
a  d if fe re n t  p a tte rn ; a  r i s e  o c c u rre d  o n  th e  s ix th  a n d  th e  e ig h th  d a y s  a f te r  
t r a n s p la n t in g .  From th e  s ix th  u n til  th e  te n th  d a y ,  th e  r e s p ira to ry  ra te  
o f th e  norm al fu n g u s  w a s  h ig h e r  th a n  th a t  o f th e  d i s e a s e d  fu n g u s . T h is 
m igh t b e  e x p la in e d  by  th e  f a c t  th a t  du ring  th e  p e rio d  w h e n  th e  d e c r e a s e  
in  th e  r a t e s  o f e n d o g e n o u s  r e s p i r a t io n  o f th e  norm al a n d  th e  d i s e a s e d
IT able 2 . R esp ira to ry  ra te  o f norm al and d is e a s e d  H . v ic to r ia e  from sh a k e -c u ltu re s  during a  10 -day  period  a fte r  
tra n s p la n tin g .
ul O j/m g  dry w e ig h tA o u r
Fungus Exp.
R esp ira tion  In  th e  a b se n c e  
of an  ex te rn a l su b s tra te  
(endogenous re sp ira tio n )
R esp ira tio n  w ith  d ex tro se R esp ira tion  co rrespond ing  to  
th e  o x id a tio n  of d ex tro se
D ays a fte r  tra n sp la n tin g D ays a fte r  tra n sn la n tln o D ays a fte r  tra n sp la n tin g
2 4 9 9 10 2 4 9 9 19 2 4 9 8 10
Norm al Fungus 1 1 0 .L 11.1 8 .8 7 .8 7 .5 13 .0 13 .2 12 .5 12 .6 9 .8 2 .5 2 .1 3 .7 4 .8  2 .3
2 11.1 10 .9 9 .2 7 .2 6 .8 14 .7 1 3 .0 12 .7 10.1 7 .9 3 .6 2 .1 3 .5 2 .9  1 .1
A verage 10 .8 1 1 .0 9 .0 7 .5 7 .1 13 .8 13 .1 12 .6 11.3 8 .8 3 .0 2 .1 3 .6 3 .6  1 .7
D ise a se d  Fungus 1 13 .4 12 .9 11 .2 8 .4 7 .6 15.5 15 .5 15 .2 10 .8 9 .2 2 .1 2 .1 4 .0 2 .4  1 .6
2 12 .6 13 .3 1 1 .0 6 .5 6 .5 15 .6 15.7 13 .3 9 .1 7 .0 3 .0 2 .4 2 .3 2 .6  0 .5
A verage 1 3 .0 13 .1 11 .1 7 .4 7 .0 15 .5 1 5 .6 14 .2 9 .9 8 .1 2 .5 2 .3 3 .1 2 .5  1 .0
A verage change  of 
d is e a s e d  fungus w hen 
av erag e  for norm al 
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Flgurs 13. Rssplrstory rats of normal and dissasod H. victorias 
from shaka-culturas during s 10-day psrlod aftsr 
transplanting.
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fu n g u s  w e re  c o m p a ra b le , th e  d e c r e a s e  In  th e  r e s p i r a t io n  r a te  o f th e  
norm al fu n g u s  In  th e  p re s e n c e  o f d e x tro s e  w a s  s m a lle r  th a n  th a t  o f th e  
d i s e a s e d  fu n g u s .
In  a d d i t io n ,  th e  a v e ra g e s  o f th e  re s p ira to ry  r a t e s  o f th e  d i s e a s e d  
fu n g u s h a v e  b e e n  e x p re s s e d  In  p e r  c e n t  o f th o s e  o f th e  norm al fu n g u s 
(F ig . 14).
S e v e n  e x p e r im e n ts  w e re  c a r r ie d  o u t to  t r a c e  th e  r e s p ira to ry  r e ­
s p o n s e  of m y c e lia l  p e l l e t s  from 4 -d a y  o ld  c u l tu re s  o f no rm al and 
d i s e a s e d  H . v ic to r ia e  to  d if fe re n t  c o n c e n tra t io n s  o f 2 ,4 -d in l t ro p h e n o l  
(D N P). TwO or th re e  r e p l ic a te  r e s p ira to ry  v e s s e l s  w e re  u s e d  fo r e a c h  
tre a tm e n t  in  e a c h  e x p e r im e n t, a n d  r a te s  w e re  d e te rm in e d  on  th e  b a s i s  
o f  b o th  d ry  w e ig h t a n d  n itro g e n  c o n te n t  (T ab les  3 and  4 ) .  In  th re e  e x ­
p e r im e n ts ,  th e  R .Q . o f e n d o g e n o u s  r e s p i r a t io n  and  th a t  in  th e  p re s e n c e  
of d e x tro s e  o f b o th  th e  norm al a n d  th e  d i s e a s e d  fu n g u s w a s  a l s o  d e te r ­
m ined  (T ab les  3 an d  4 ) .  M ean  v a lu e s  fo r DNP d o s a g e s  h a v e  b e e n  
p lo tte d  In  F ig u re s  IS an d  1 6 . To e v a lu a te  d if fe re n c e s  b e tw e e n  an y  tw o  
of th e s e  m e a n s , th e  d a ta  w e re  a n a ly z e d  s t a t i s t i c a l l y .  T h is  a n a ly s is  
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Flgurs 14. Dsvlatlon of rssplratory rstss of dlsssasd H. victorias■ 
from thoas of the normal fungus during a 10-day psrlod 
aftsr transplanting.
Table 3 . E ffect o f DNP on th e  re sp ira to ry  ra te s  (ul 0 2 /m g  dry w e ig h t/h o u r) of 4 -d ay  o ld , sh a k e -c u ltu re s  of
norm al and d is e a s e d  H . v ic to r ia e .
Normal Fungus D ise a s e d  Fungus
C o n cen tra tio n s  of DNP In m olarity C o n cen tra tio n s  o f  DNP In molari:ty
E xp. C o m . 5x1 CT6 lx lf f* 5x1 0* l x i t r 4 5xi<r* R .Q . C o m . 5x10*  1x10* 5x10* l x l  (P 1 5x10"* R .Q .
R esp ira tion  in  th e  a b se n c e  of an  ex te rn a l su b s tra te  
(endogenous resp ira tio n )
1 9 .9 9 .4 13.5 10 .8 11 .0 11 .3
2 10.3 12.1  2 . 5 0 .8 0 15.1 13.8 2 .0 1 .02
3 9 .8 9 .4 2 . 4 0 .8 8 12 .4 12 .6 2 .9 0 .9 7
4 10.5 14.5 0 .9 6 12 .8 11 .9 1 .03
5 10 .2 10.7 13.3 12 .4 12.7 1 2 .6
6 10 .8 15.5 15.5 12 .8
7 11 .1 11 .4 1 4 .0 12.2 12 .9 12 .7 12 .0 10 .3
A ve. 10.37 10.40 10.05 14 27 12.53 2 .4 5 13.13 11.85 12.65 12.0 12.23 2 .4 5
%
C o m . 100 100 97 138 121 24 100 90 96 91 93 19
C ontinued
T able 3 . C on tinued
_____________ S2£3SL£UBUi2__________________   nafly e__________________
 Concentration! of DNP to molarity   ? t P l f f  4ft JM frm y ______
E xp. C o n t. S x ltf^  lx l t f ^  5xl(T^ 1x10"* 5x10"* R.Q* C o n t. Sxl(T^ l x l f *  5x l(J*  l x l ( P  5xl(T* R .Q .
R esp ira tion  In  th e  p re sen c e  of 0 .0 1  M d ex tro se
1 11 .9 10 .8 14.3 13.1 12.5 11 .4
2 12 .1 13 .1 2 .6 1 .0 0 16 .6 14 .2 1 .7 1 .06
3 11 .7 10 .7 3 .3 1 .11 15 .9 14 .7 2 .2 1 .07
4 14 .4 15 .8 1 .04 16 .9 14.5 1 .04
5 13 .2 12 .7 13.5 15 .9 13 .1 12 .8
6 13 .9 16 .4 1 7 .0 13 .5
7 11*2 12 .6 14 .4 12 .7 1 5 .0 13 .8 1 3 ,3 ._ U .O
A ve. 12.91 11.75 11.70 15.22 13.10 2 .95 15.77 13.15 13.90 13.17 12.67 1.95
%
C o n t. 100 91 91 118 101 23 100 83 88 83 80 12
C ontinued
u  cn
Table 3 . C ontinued
Norm al Funaus D ise a se d  Funaus
C o n cen tra tio n s  of DNP In m olarltv C o n cen tra tio n s  <pf DNP In s o la r l ty
Ex d . C o n t. 5x10* 1x10* 5x10* 1x10* 5x10*  R .Q . C ont . 5x10*  1x10^5 5x10* 1x10* 5x10*  R .Q .
R esp ira tion  correspond ing  to  th e  ox id a tio n  of dex tro se
1 2 .0 1 .4 0 .8 2 .3 1 .5 0 .1
2 1 .8 1 .0  0 .1 1.5 0 .4
3 1 .9 1 .3 1 .1 3 .5 2 .1 -
4 3 .9 1 .3 4 .1 2 .6
5 3 .0 2 .0 0 .2 3 .5 0 .4 0 .2
6 3 .1 0 .9 0 .4 0 .7
7 -2 ._L_ 1 .2 0 .4 0 .5 4 .1 1 .1 1 .3 0 .7
A ve. 2 .54 1 .3 0 1.65 0 .85 0 .5 7  0 .6 0 2 .7 7 1.30 1.25 1 .17 0 .4 3  0 .0 0
%
C o n t. 100 51 65 33 22 24 100 47 45 42 15
u><T>
Table 4 . E ffect of DNP on th e  resp ira to ry  ra tes (ul 0 2 /m g  n itrogen /hou r) of 4 'd a y  o ld , sh a k e -c u ltu re s  of norm al
and d is e a s e d  H . v ic to r ia e .
Normal Fungus______________________  D ise a se d  fu n a u s
C o n cen tra tio n s of DNP In m olarity   C o n cen tra tio n s of DNF in  m olarity______
E xp. C o n t. 5x10 lx !0 ~ S 5x10* lx lC f4 5x10"* R .Q . C o n t. S x llf6 lx l t f*  5 x ltf*  Ix K f4 SxllT4 R .Q .
R esp ira tion  in  th e  a b se n c e  of an  ex te rnal su b s tra te  
(endogenous resp ira tion )
1 226 217 312 258 263 271
2 242 284 59 0 .8 0 313 284 42 1.02
3 236 226 59 0 .88 316 322 75 0 .9 7
4 231 319 0 .9 6 330 307 1 .03
5 219 229 284 291 299 297
6 236 338 331 273
7 235 242 298 259 306 2M 2 8 1 243
A ve. 232 229 227 317 276 59 306 280 310 283 275 58
C ontinued
Table 4 . C ontinued
Normal Funaus D ise a se d  Funaus
C o n c en tra tio n ! of DNP In m olarity C o n cen tra tio n s of DNP in  m olarltv
Exp. C o n t. SxltT6 lx lf f6 SxlCT* l x l  tT4 5X1IT4 R .Q . C o n t. SxlO-6 lx lf f*  SxlCT6 lxlCT4 5XKT4 R .Q .
1 275 255 330
R esp ira tion  in  th e  p re sen c e  of 0 .0 1  M d ex tro se
313 299 274
2 284 308 62 1 .00 343 284 35 1.06
3 283 258 78 1.11 432 376 59 1.07
4 318 348 1.04 435 372 1 .04
5 283 271 289 373 317 300
6 303 350 362 289
7 280 267 306 269 352 325 314 259
A ve. 289 261 264 333 289 70 373 312 346 312 284 47
C ontinued
00
Table 4 . C ontinued
Norm al Funaus D is e a s e d PunaUS
C o n cen tra tio n s  of DNP in  m oiaritv C o n cen tra tio n s  o f DNP In  m oiaritv
Exp. C o n t. 5xl(T® 1x10® 5x10® lxl(T* IxK T 4 R .Q . C o n t. 5x10“® 1x10® 5x10® 1x10"* 5x10"* R .Q .
R esp ira tion  correq>ondlng to  th e  ox idation  of d ex tro se
1 47 38 18 55 36 3
2 42 24 3 30 10
3 47 32 19 116 54 -
4 87 29 105 65
5 64 42 5 82 18 3
6 67 12 42 16
7 45 25 8 10 57 27 32 16
A ve. 57 31 37 17 13 11 69 31 36 29 10
CO(O
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Por co m paring  d if fe re n c e s  D ry w e ig h t b a s i s ; - N c o n te n t  b a s i s
b e tw e e n  m eans__________  LSDlOfl D3DUU) LSDC05& ISD(.Ol)
Both m ean s of 2 r e p l . 2 .0 9 2 .7 7 46 62
Both m ean s o f 3 r e p l . 1 .7 1 2 .2 7 38 50
Both m ean s o f 4 r e p l . 1 .4 7 1 .9 5 33 44
Both m ean s o f  7 r e p l . 1 .1 1 1 .4 7 25 33
O ne m ean  o f 2 a n d  a n o th e r  o f 3 r e p l . 1 .9 1 2 .5 3 42 56
O ne m ean  o f 2 an d  a n o th e r  o f 4 r e p l .  1 .8 1 2 .4 0 40 53
O ne m ean  o f 2 an d  a n o th e r  o f 7 r e p l .  1 .6 7 2 .2 1 37 49
O ne m ean  o f 3 a n d  a n o th e r  o f 4 r e p l .  1 .5 9 2 .1 1 35 47
O ne m ean  o f 3 a n d  a n o th e r  o f 7 r e p l .  1 .4 3 1 .9 0 32 42
O ne m ean  o f 4 an d  a n o th e r  of 7 r e p l .  1 .2 7 1 .6 9 29 39
A s tu d y  o f F ig u re s  15 an d  16 sh o w s th a t  th e  p a tte rn s  o f  re s p ira to ry
r a te s  o f  b o th  th e  norm al an d  th e  d i s e a s e d  fu n g u s o n  dry  w e ig h t b a s i s
d id  no t d iffe r  a p p re c ia b ly  from  th o s e  on  n itro g e n  b a s i s .  The en d o g en o u s
re s p ira to ry  r a te  o f th e  norm al fu n g u s a s  w e l l  a s  th a t  o b se rv e d  In th e
p re s e n c e  o f d e x tro s e  sh o w ed  a c o n s id e ra b le  in c r e a s e  w ith  DNP a t  a
c o n c e n tra t io n  of 5x10  ® M . T h is  I n c re a s e  d im in ish e d  w h e n  DNP w a s
-4u s e d  a t  a  c o n c e n tra t io n  of 1x10 M . W ith  fu r th e r  I n c re a s e  in  th e  c o n ­
c e n tr a t io n  of D N P, th e  re s p ira to ry  r a te s  d ro p p ed  ra th e r  a b ru p tly .  In  
c o n t r a s t ,  th e  a n a lo g o u s  re s p ira to ry  r a te s  of th e  d i s e a s e d  fungus sh o w ed  
a c o n s ta n t  an d  g ra d u a l  d e p re s s io n  In  th e  p re s e n c e  o f DNP a t  c o n c e n tr a ­
t io n s  lx lO - ^ ,  5x10 and  1x10“ ^ M . T h is  d e p re s s io n  w a s  s t a t i s t i c a l l y  
in s ig n if ic a n t  for e n d o g e n o u s  r e s p i r a t io n ,  b u t w a s  s ig n i f ic a n t  for r e s p i r a ­
t io n  in  th e  p re s e n c e  o f d e x tr o s e .  C o n c e n tra t io n s  o f  DNP a b o v e  l x l 0 -4  M 
r e s u l te d  In  r e s p ira to ry  r a te s  o f th e  d is e a s e d  fu n g u s th a t  p a ra l le le d  very  
c lo s e ly  th o s e  o f th e  norm al f u n g u s .
In  T ab le  3 , a v e ra g e s  o f th e  r e s p ira to ry  r a te s  w ith  d if fe re n t  c o n c e n ­
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Figure 15. Effect of DNP on the respiratory rates of 4-day old, shake- 
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Figure 16. Effect of DNP on the respiratory rates of 4-day old, shake- 












C o n tro l100
50 — Normal Fungus
— Diseased Fungus 
OEndogenous Respiration 




Figure 17. Deviation of respiratory rates of normal and dlsaaaed H. 




The R .Q . o f  th e  d i s e a s e d  fu n g u s , a t  a l l  t im e s  v e ry  c lo s e  to  1 b o th  
in  th e  p re s e n c e  a n d  In  th e  a b s e n c e  o f d e x tr o s e ,  s u g g e s te d  a  p o s s ib le  
p red o m in a n c e  o f  c a rb o h y d ra te s  in  r e s p i r a t io n .  The R .Q . o f th e  norm al 
fu n g u s  In  e n d o g e n o u s  r e s p i r a t io n  w a s  b e lo w  1 , b u t re a c h e d  th e  v a lu e  1 
a f te r  th e  a d d it io n  o f d e x t r o s e .  T h is  m ight in d ic a te  a  p red o m in an t 
p a r t ic ip a t io n  o f p ro te in s  a n d /o r  fa t ty  a c id s  in  th e  e n d o g e n o u s  r e s p i r a ­
t io n  o f t h i s  fu n g u s .
In  t h e s e  e x p e r im e n ts ,  d ry  w e ig h ts  a n d  n itro g e n  c o n te n ts  w e re  d e ­
te rm in e d  on  th e  sa m e  s a m p le s  o f 1 0 -d a y  o ld ,  s ta t io n a r y ,  an d  4 -d a y  o ld ,  
s h a k e - c u l tu r e s . The n itro g e n  c o n te n t  h a s  b e e n  e x p re s s e d  a s  p e r c e n t  o f 
th e  d ry  w e ig h t (T ab le  5 ) .  A lthough  th e  a v e ra g e  for th e  d i s e a s e d  fu n g u s  
w a s  s l ig h t ly  lo w e r  th a n  th a t  for th e  norm al fu n g u s in  b o th  s ta t io n a ry  and  
s h a k e  - c u l t u r e s , th e  ra n g e  o f v a r ia b i l i ty  am ong v a lu e s  w a s  so  g re a t  th a t  
th e  d if fe re n c e  b e tw e e n  th e s e  a v e ra g e s  w a s  no t a p p re c ia b le .  T h is  w a s  
n o t th e  c a s e ,  h o w e v e r , w ith  th e  d if fe re n c e  b e tw e e n  s ta t io n a ry  an d  s h a k e -  
c u l tu r e s .  The n itro g e n  c o n te n t  o f th e  s h a k e - c u l tu r e s  w a s  a lm o s t 50 per 
c e n t  g r e a te r  th a n  th a t  o f th e  s ta t io n a ry  c u l t u r e s .
S tu d y  o f in fe c t io n  o f o a t s  by  norm a l  an d  d i s e a s e d  H . v lc to r la e
L lndbery  (38) h a s  found  th a t  th e  p a th o g e n ic i ty  an d  to x in  p ro d u c tio n  
o f  d i s e a s e d  IjLt v lc to r la e  w a s  m ark ed ly  lo w e r th a n  th a t  o f th e  norm al 
f u n g u s . The c o m p a ris o n  o f p a th o g e n ic i ty  w a s  b a s e d  o n  th e  num ber of 
p la n ts  th a t  su rv iv e d  I n o c u la t io n .  T h ere  w a s  a  n e e d  to  s tu d y  th e  m ode 
o f In fe c t io n  a n d  e a r ly  d i s e a s e  d e v e lo p m e n t c a u s e d  by  no rm al an d
45
T ab le  5 . N itro g e n  c o n te n t  o f norm al an d  d i s e a s e d  H . v lc to r la e  
e x p re s s e d  in  p e rc e n ta g e  of d ry  w e ig h t.
S ta tio n a ry  C u ltu re s S h ak e  C u ltu re s
M e a su re m e n ts
N orm al
F ungus
D is e a s e d
F ungus
N orm al
M e a su re m e n ts  F ungus
D is e a s e d
F ungus
1 2 .3 9 2 .4 7 1 4 .3 5 4 .1 9
2 2 .8 4 2 .6 4 2 4 .2 6 4 .8 3
3 2 .4 8 2 .5 5 3 4 .1 6 3 .9 2
4 3 .9 1 2 .9 2 4 4 .5 3 3 .8 9
5 2 .8 5 2 .8 7 5 4 .6 6 4 .2 5
6 2 .8 1 2 .7 4 6 4 .6 3 4 .6 9
7 2 .9 2 3 .0 8 7 4 .7 1 4 .2 5
8 3 .2 1 2 .9 8
... ? 3 .0 5 2 .6 3
A verage  2 .8 4  2 .7 6  4 .4 7  4 .2 9
46
d is e a s e d  H . v lc to r ia e  in  s u s c e p t ib le  V ic to r -g ra in  4 8 -9 3  o a t s .  S e v e ra l 
In o c u la tio n  t e s t s  w e re  perfo rm ed  on  s e e d l in g s  in  th e  g re e n h o u se  to  s tu d y  
th i s  a s p e c t  o f  th e  p ro b lem .
S ix  h o u rs  a f te r  in o c u la t io n  o f  le a v e s  w ith  norm al H_. v l c to r l a e , 
s l e n d e r ,  th in - w a l le d ,  h y a lin e  h y p h a e  d e v e lo p e d  a lo n g  th e  d e p re s s io n s  
b e tw e e n  e p id e rm a l c e l l s . T h ese  h y p h a e  rem a in e d  u n b ra n c h e d  a n d  n o n -  
s e p ta te  u n t i l  a p p ro x im a te ly  n in e  h o u rs  a f te r  in o c u la t io n .  At th a t  t im e , 
in  a b o u t h a lf  th e  in o c u la t io n  s i t e s , th e  h y p h a e  h ad  p e n e tra te d  th e  le a f  
a t  s e v e r a l  p o in ts .  In  th e  m ajo rity  o f i n s t a n c e s ,  p e n e tra t io n  o c c u rre d  
d ir e c t ly  b e tw e e n  e p id e rm a l c e l l s  (F ig s . 18 , 1 9 , 20) an d  l e s s  f re q u e n tly  
th ro u g h  th e  e p id e rm a l c e l l s .  E ach  of t h e s e  c a s e s  o f  p e n e tra t io n  w a s  
u s u a l ly  a c c o m p a n ie d  by  th e  fo rm atio n  o f an  a p p re s s o r lu m . In  som e in ­
s ta n c e s  , p e n e tra t io n  a ls o  to o k  p la c e  th ro u g h  th e  s to m a te s  w ith  or w ith o u t 
th e  fo rm atio n  of a n  a p p re sso r lu m  (F ig s . 2 0 , 2 1 ) . T w elv e  h o u rs  a f te r  
in o c u la t io n ,  m any p e n e tra t io n s  w e re  found  in  a lm o s t a l l  s i t e s  o f in o c u la ­
t i o n .  F o llow ing  p e n e tr a t io n ,  th e  p red o m in an t g row th  of th e  fu n g u s w a s  
in te r c e l lu la r ,  b u t in  a  few  In s ta n c e s  in tra c e J lu la r  h y p h a e  w e re  a ls o  o b ­
s e r v e d .  At 16 h o u rs ,  th e  fu n g u s a t  a  few  in o c u la t io n  s i t e s  h ad  co m ­
p le te ly  t r a v e r s e d  th e  l e a f  b la d e  from th e  u p p er to  th e  lo w e r s u r f a c e ,  an d  
a t  24 h o u rs  s u c h  a d v a n c e  o f th e  fu n g u s w a s  com m on. U pon  re a c h in g  th e  
lo w e r e p id e rm is ,  th e  fu n g u s g rew  o u t f i r s t  th ro u g h  th e  s to m a te s  (F ig . 22) 
an d  la t e r  b e tw e e n  e p id e rm a l c e l l s .  I t  w a s  a t  t h i s  s ta g e  th a t  th e  f i r s t  
s ig n s  o f r e a c t io n  o f th e  h o s t  c e l l s  a p p e a re d . The r e a c t io n  w a s  a
F igu re  18 . P e n e tra tio n  o f V ic to r-g ra in  48 -9 3  o a t  l e a v e s
by H x v lc to r la e  th ro u g h  a n d  b e tw e e n  e p id e rm a l 
c e l l s .
F ig u re  1 9 . P e n e tra tio n  o f  Y lc to r-g ra ln  4 8 -9 3  o a t  l e a v e s  by  
i f .  v lc to r la e  th ro u g h  a n d  b e tw e e n  e p id e rm a l 
c e l l s .
F ig u re  2 0 .  P e n e tra tio n  o f V lc to r -g ra in  4 8 -9 3  o a t l e a v e s  
by  J k  v lc to r la e  th ro u g h  s to m a te s .
F ig u re  2 1 . P e n e tra t io n  o f V lc to r -g ra ln  4 8 -9 3  o a t le a v e s  
by  v lc to r la e  th ro u g h  s to m a te s .
F igu re  2 2 . H-i v lc to r la e  g ro w in g  o u t th ro u g h  s to m a te  o f th e  
lo w er l e a f  e p id e rm is  o f V ic to r-g ro in  4 8 -9 3  o a t s .
F igu re  2 3 . v lc to r la e  fo rm ing  a b u n d a n t c o n id io p h o re s  on 
th e  lo w e r l e a f  e p id e rm is  o f  V lc to r-g ra ln  9 8 -9 3  
o a t s .
50
y e llo w is h  d is c o lo ra t io n  of th e  t i s s u e  an d  a  re d u c tio n  in  c h lo ro p h y ll-  
c o n te n t  fo llo w ed  by  c o l la p s e  o f th e  h o s t  c e l l s .  T h is r e a c t io n  w a s  
e r r a t i c ,  h o w e v e r , s in c e  c e l lu la r  d e g e n e ra t io n  w a s  m ore fre q u e n t a t  a 
d is ta n c e  from  th e  a d v a n c in g  fu n g u s ra th e r  th a n  c lo s e  to  i t . At th e  sam e 
t im e ,  w h e re  m yce lium  w a s  a b u n d a n t in  th e  le a f  t i s s u e ,  th e  f i r s t  young  
c o n ld io p h o re 8  d e v e lo p e d  b e tw e e n  th e  lo w e r e p id e rm a l c e l l s  and  so m e ­
t im e s  from th e  m ycelium  found  o n  th e  s u r fa c e  of th e  lo w e r e p id e rm is .
By 36 h o u rs  a f te r  in o c u la t io n ,  num erous c o n ld lo p h o re s  an d  a  few  young 
c o n ld la  h a d  d e v e lo p e d  (F ig . 2 3 ) . T w elve  h o u rs  l a t e r ,  th e  a b o v e  phenom ena  
h a d  in te n s i f i e d ,  a n d  th e  fu n g u s c o v e re d  la rg e  a r e a s  in  w h ic h  th e  h o s t 
t i s s u e  h a d  c o l l a p s e d .  N um erous c o n ld lo p h o re s  w ith  fu lly  d e v e lo p e d  
c o n ld ia  w e re  found  in  th e s e  a r e a s .  In  th e  fo llo w in g  2 4 -h o u r  p e r io d , 
th e  d e c o m p o s itio n  o f  th e  h o s t  t i s s u e  w a s  s o  a d v a n c e d  a s  to  le a d  to  th e  
fo rm atio n  o f h o le s  th ro u g h  th e  s i t e s  o f in o c u la t io n .  As long  a s  th e  h o s t  
t i s s u e  re m a in e d  In ta c t  th e  fu n g u s a d v a n c e d  v e ry  l i t t l e  in  th e  lo n g itu d in a l  
p la n e .  L a te r , h o w e v e r , a s  th e  l e a f  b e ca m e  c h lo ro t ic ,  a n d  th e n  n e c ro t ic ,  
th e  fu n g u s a d v a n c e d  from  th e  in o c u la te d  a re a  to  a  d is ta n c e  of o n e  cm or 
m ore to w a rd  th e  le a f  t i p ,  a n d  d ow nw ards to  c o v e r  th e  le a f  s h e a th  and  
r e a c h  th e  c u lm .
A lthough  th e re  w e re  c o n s id e ra b le  d if fe re n c e s  am ong in o c u la tio n  
t e s t s  w ith  d i s e a s e d  H * v l c t o r l a e . an d  e v e n  from  o n e  to  a n o th e r  in o c u la ­
t io n  s i te  o f th e  sam e  t e s t ,  th e  g e n e ra l  p a tte rn  of in fe c tio n  w a s  com ­
p a ra b le  w ith  th a t  o u tlin e d  for norm al v l c to r l a e . The d if fe re n c e s
o b s e rv e d  b e tw e e n  d i s e a s e d  Jj_. v lc to r la e  an d  norm al H . v lc to r la e  w e re  
q u a n ti ta t iv e  ra th e r  th a n  q u a l i t a t iv e .  D iffe re n c e  o c c u rre d  In th e  p e r ­
c e n ta g e  o f p e n e t r a t io n s ,  w h ic h  w e re  r e la t iv e ly  few  in  th e  c a s e  o f th e  
d i s e a s e d  fu n g u s a s  co m p ared  w ith  th e  norm al f u n g u s . I t  h a s  b e e n  
sh o w n  th a t  n e c ro t ic  l e s io n s  d e v e lo p e d  a t  th e  s i t e s  o f in o c u la t io n  w ith  
e i th e r  th e  norm al o r th e  d is e a s e d  fu n g u s (3 8 ) . The le s io n s  w e re  fo l­
lo w ed  b y  n e c r o s is  o f th e  In o c u la te d  l e a f .  L a te r , h o w e v e r , th e  d e v e lo p ­
m ent o f V ic to ria  b lig h t  In  p la n ts  In o c u la te d  w ith  th e  d i s e a s e d  fu n g u s w a s  
m ark ed ly  l e s s .  A no ther d if fe re n c e  w a s  in  th e  te n d e n c y  for s p o ru la t lo n . 
W h ile  a t  a b o u t 48 h o u rs  a f te r  In o c u la tio n , s p o ru la tlo n  o f th e  norm al 
fu n g u s  w a s  com m on, sp o ru la tlo n  w a s  found  to  ta k e  p la c e  o n ly  In  a p p ro x i­
m a te ly  30 p e r c e n t  o f th e  l e a v e s  In o c u la te d  w ith  th e  d i s e a s e d  fu n g u s . 
D if fe re n c e  w a s  a l s o  o b s e rv e d  In  th e  d e g re e  o f th e  r e a c t io n  o f th e  h o s t  
t i s s u e .  The d e g e n e ra tio n  o f  th e  in o c u la t io n  s i t e s  w ith  th e  d i s e a s e d  
fu n g u s  w a s  a lw a y s  l e s s  a s  co m p ared  w ith  t i s s u e  In fe c te d  w ith  th e  
norm al fu n g u s . T his w a s  i l lu s t r a te d  by  th e  fa c t th a t  t i s s u e  In fe c te d  
w ith  th e  norm al fu n g u s b e ca m e  d if f ic u lt  to  s ta in  and  ex am in e  m ic ro ­
s c o p ic a l ly  by  72 h o u rs  a f te r  In o c u la t io n , w h e re a s  t i s s u e  In fe c te d  w ith  
th e  d i s e a s e d  fu n g u s w a s  firm  en o u g h  e v e n  120 h o u rs  a f te r  in o c u la t io n .
P ad d o ck ^  h a s  s tu d ie d  th o ro u g h ly  th e  p ro c e s s  o f  in fe c tio n  of 
s u s c e p t ib le  a n d  r e s i s t a n t  o a t v a r ie t i e s  w ith  H_. v l c to r la e . H e In o c u la te d
^ P a d d o ck , W . C .  1 9 5 3 . H is to lo g ic a l  s tu d y  o f s u s o e p t-p a th o g e n  
r e la t io n s h ip s  h i t w n  H «lm ln tho«porlum  v lc to r la e  M . a n d  M . an d  s e e d lin g  
o a t  l e a v e s .  C o rn e ll  U n iv e rs i ty  A g ric . E x p t. 8 t a . ,  I th a c a ,  N . Y .# M em oir 
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le a v e s  by  d u s tin g  th em  w ith  a  m ix tu re  o f c o n ld la  a n d  t a l c .  The p a tte rn  
o f in fe c tio n  of s u s c e p t ib le  V lc lan d  o a ts  d e s c r ib e d  by  him  d o e s  no t d if fe r  
a p p re c ia b ly  from  th e  p a tte rn  o f in fe c tio n  d e s c r ib e d  ab o v e  fo r V ic to r-  
g ra ln  o a ts  In o c u la te d  w ith  th e  norm al f u n g u s . N o ta b le  d if fe re n c e s  
e x i s t ,  h o w e v e r , a s  re g a rd  to  th e  tim e  In te rv a ls  a t  w h ic h  th e  m ain  s te p s  
of th e  in fe c tio n  p r o c e s s  to o k  p la c e .  For e x a m p le , a lth o u g h  no t g iv in g  
th e  e x a c t  tim e  a t  w h ic h  p e n e tra t io n  o c c u r re d . P addock  h a s  n o tic e d  th a t  
th e  fu n g u s h a d  t r a v e r s e d  th e  le a f  24 h o u rs  a f te r  in o c u la t io n , a n d  b eg u n  
to  form  c o n ld lo p h o re s  b e tw e e n  36 a n d  48 h o u rs  a n d  a few  c o n ld la  a t  th e  
l a t t e r  t im e . In  th e  p re s e n t  s tu d y , no rm al H* v lc to r la e  h a d  p e n e tra te d  th e  
le a f  e p id e rm is  9 h o u rs  a f te r  In o c u la t io n . At 18 h o u r s ,  th e  fu n g u s h ad  
t r a v e r s e d  th e  l e a f  c o m p le te ly  an d  g rew  o u t from  th e  lo w e r e p id e rm is .
The fu n g u s form ed th e  f i r s t  c o n ld lo p h o re s  24 h o u rs  a f te r  in o c u la t io n ,  
an d  th e  f i r s t  c o n ld la  w e re  o b s e rv e d  12 h o u rs  l a t e r .  P a d d o c k 's  d e s c r ip ­
t io n  o f th e  d is in te g ra t io n  o f th e  h o s t  t i s s u e  fo llo w in g  in fe c tio n  a ls o  sh o w s 
th a t  s u c h  r e a c t io n  o f  th e  h o s t  w a s  c o n s id e ra b ly  s lo w e r  a n d  l e s s  in te n s iv e ,  
co m p ared  w ith  th a t  o b se rv e d  In  th e  p re s e n t  s tu d y . Prom th e  fo reg o in g  It 
se e m s  re a s o n a b le  to  b e l ie v e  th a t  th e  f a s te r  p ro g re s s  o f th e  fu n g u s and  
th e  m ore In te n s iv e  h o s t  r e a c t io n  o b se rv e d  in  th is  s tu d y  w e re  due  m ain ly  
to  th e  m ethod  o f In o c u la tio n  u s e d .  D iffe re n c e s  in  e n v iro n m en ta l c o n d i­
t io n s  a s  w e l l  a s  In  th e  v iru le n c e  o f th e  fu n g u s or th e  s e n s i t iv i ty  o f  th e  
h o s t  m ig h t, h o w e v e r , h a v e  c o n tr ib u te d  to  th e  d if fe re n c e s  o b s e r v e d .
DISCUSSION
_
Two re a s o n a b le  e x p la n a t io n s  for th e  n a tu re  o f th e  c a u s e  o f th e  
d i s e a s e  o f H e lm ln th o sp o rlu m  v lc to r la e  a re  th a t  i t  I s  a n  In fe c t io u s  a g e n t ,  
su c h  a s  a  v i r u s , o r th a t  i t  I s  a  h e r i ta b le  p h e n o m e n o n . P re v io u s  a tte m p ts  
to  Id e n tify  a n  in fe c t io u s  c a u s a l  a g e n t b y  t r a n s m is s io n  s tu d ie s  w ith  c e l l -  
f re e  p re p a ra tio n s  of th e  d i s e a s e d  fu n g u s  h a v e  n o t b e e n  s u c c e s s f u l  (3 6 , 
3 9 ) . S tu d ie s  o n  th e  in h e r i ta n c e  o f  th e  d i s e a s e  h a v e  no t b e e n  d one  a n d  
s u c h  s tu d ie s  a re  c o m p lic a te d  b y  h e te ro lc a ry o s is  in  H e lm ln th o sp o rlu m . 
C o n s e q u e n tly , c o m p a ra tiv e  s tu d ie s  o f no rm al an d  d i s e a s e d  H . v lc to r la e  
h a v e  b e e n  e m p h a s iz e d  w ith  th e  h o p e  o f sh e d d in g  l ig h t  o n  th e  n a tu re  of 
th e  c a u s a l  a g e n t  o f th e  d i s e a s e .  The g ro s s  c u l tu ra l  sym p tom s o f th e  
d i s e a s e  in  £ .  v lc to r la e  h a v e  s tro n g ly  In d ic a te d  d e le te r io u s  e f f e c ts  on  
th e  fu n g u s  a n d  s u c h  e f f e c ts  w e re  found  to  b e  e q u a lly  e x p re s s e d  in  m ic ro ­
s c o p ic  i r r e g u la r i t ie s .  A c o m p a r iso n  o f th e  m orpho logy  a n d  c y to lo g y  o f 
norm al a n d  d i s e a s e d  H . v lc to r la e  h a v e  re v e a le d  im p o rta n t d i f f e r e n c e s .  
M ark ed  d if fe re n c e s  w e re  a ls o  o b se rv e d  in  th e  m orphology  an d  c y to lo g y  
o f n ew ly  d i s e a s e d  c o lo n ie s  a s  co m p ared  to  c o lo n ie s  o b ta in e d  by  s u b -  
c u ltu r in g  from  s e v e re ly  d i s e a s e d  2Lk v l c to r l a e . C e l l s  o f th e  l a t t e r  d id  
no t show  s ig n s  o f  ly t i c  d e g e n e ra t io n  a n d  a b u n d a n t n u c le i  w e re  p r e s e n t .  
E x cep t fo r s i z e  o f th e  c e l l s  a n d  th e  p a tte rn  o f g ro w th  o f th e  m y c e liu m , 
few  d if fe re n c e s  w e re  o b s e rv e d  b e tw e e n  th e s e  c u l tu re s  an d  norm al 
c u l tu r e s  o f th e  fu n g u s .  The p ro to p la sm ic  c o n te n t ,  h o w e v e r , o f  young
53
54
h y p h a e  o f n ew ly  d i s e a s e d  c o lo n ie s  sh o w ed  v a r io u s  d e g re e s  o f d e g e n e ra ­
t io n .  The c e l l s  w e re  o f te n  c o m p le te ly  d e v o id  o f  p ro to p la sm  a n d , e v e n  
w h e re  p ro to p la sm ic  m a te r ia ls  w e re  p r e s e n t ,  a tte m p ts  to  d e te c t  n u c le i 
w e re  u n s u c c e s s f u l .  The l o s s  o f p ro to p la sm  from young  h y p h a l c e l l s  o f  
n ew ly  d i s e a s e d  JJj. v lc to r la e  m ight I n d ic a te  a n  In c re a s e d  p e rm e a b ility  
on  th e  c e l l  w a l l . The o sm o tic  e f fe c t  of th e  k i l l i n g , f ix in g , an d  s ta in in g  
m a te r ia ls  o f  s u c h  c e l l s ,  h o w e v e r , m ight h a v e  c o n tr ib u te d  to  th e  d if fe r ­
e n c e s  th a t  w e re  o b s e rv e d .  I t  h a s  a ls o  b e e n  o b s e rv e d  th a t  th e  sp re a d  of 
th e  d i s e a s e  w a s  fav o re d  In  young im m ature  h y p h a e , w h ile  th e  o ld e r ,  
d i f f e r e n t ia te d  c e l l s  o f th e  sam e c o lo n y  m ight b e  u n a ffe c te d  (3 6 ) . T h ese  
d if fe re n c e s  h a v e  le d  u s  to  re g a rd  th e  d i s e a s e  c o n d it io n  In  new ly  d i s e a s e d  
c o lo n ie s  a s  o n e  o f  a n  a c u te  n a tu re ,  w h ile  th a t  in  c u l tu re s  p ro p a g a te d  by 
su b c u ltu r ln g  s e v e re ly  d i s e a s e d  H . v lc to r la e  a s  o n e  o f  a  c h ro n ic  n a tu re .
In  g e n e r a l ,  m e ta b o lic  s tu d ie s  In  fung i sh o w in g  an y  k in d  of a b ­
n o rm a lit ie s  h a v e  b e e n  l im i te d .  N e v e r th e le s s ,  In  th e  few  c a s e s  s tu d ie d ,  
in h ib i t io n  o f g ro w th  d u e  to  g e n e t ic  o r fu n g ic id a l  fa c to rs  a p p e a re d  to  be  
a s s o c ia te d  w ith  a  re d u c e d  re s p ira to ry  ra te  (1 1 , 14, 2 0 , 2 1 , 6 1 , 6 2 , 7 2 ) . 
D is e a s e d  m  v lc to r la e  w ith  m ark ed ly  in h ib i te d  g row th  sh o w ed  a r e s p i r a ­
to ry  r a te  h ig h e r  th a n  th a t  o f th e  norm al f u n g u s . T h is  w a s  o b se rv e d  in  
10- d a y  o ld ,  s ta t io n a ry  c u l tu re s  a n d  In  up to  6 -d a y  o ld ,  s h a k e - c u l tu r e s .  
T h is  m e ta b o lic  a l te r a t io n  re s e m b le d  a n  a n a lo g o u s  r e s p o n s e  o f h ig h e r  
p la n t  t i s s u e  fo llo w in g  In fe c t io n  (2 , 1 8 , 4 1 , 6 4 , 6 8 , 6 9 , 7 0 ) . In  a d d i­
t io n ,  d i s e a s e d  81.  v lc to r la e  s h a re d  a n o th e r  m e ta b o lic  fe a tu re  c h a r a c te r i s t i c
o f In fe c te d  p la n t  t i s s u e  (1 , 1 6 , 1 8 , 5 6 , 6 4 ) . D is e a s e d  H . v lc to r la e  
d id  n o t show  a n y  in c r e a s e  in  r e s p ira to ry  r a te  a t  low  c o n c e n tra t io n s  o f 
D N P, su c h  a s  5#cl0~5 a n d  l x l 0 “4 M , a t  w h ic h  norm al H . v l c to r la e , a s  
w a s  e x p e c te d ,  sh o w ed  a  p o s i t iv e  r e s p o n s e .  T h ese  m e ta b o lic  a l t e r a ­
t io n s  o f  th e  d i s e a s e d  fu n g u s m ight b e  in te rp re te d  a s  s u g g e s t in g  an  
In fe c tio u s  n a tu re  fo r th e  d i s e a s e .
The c o m p a ra tiv e  s tu d y  o f in fe c t io n  o f s e e d l in g s  o f s u s c e p t ib le  
o a ts  r e v e a le d  l i t t l e  d if f e re n c e s  b e tw e e n  th e  p a tte rn  o f in fe c tio n  w ith  
d i s e a s e d  v lc to r la e  an d  th a t  w ith  th e  norm al f u n g u s . T h ese  d if fe r ­
e n c e s  w e re  q u a n ti ta t iv e  ra th e r  th a n  q u a l i t a t iv e .  T here  w a s ,  h o w e v e r , a 
c o n s id e ra b le  d if fe re n c e  In  th e  d e g re e  of th e  h o s t  r e a c t io n  to  in fe c tio n  
b e tw e e n  t i s s u e  In fe c te d  w ith  th e  norm al fu n g u s an d  t i s s u e  In fe c te d  w ith  
th e  d i s e a s e d  fu n g u s . The d e g e n e ra tio n  of t i s s u e  In fe c te d  w ith  th e  
norm al fu n g u s w a s  f a s te r  an d  m ore e x te n s iv e  th a n  th a t  o f t i s s u e  in fe c te d  
w ith  th e  d i s e a s e d  fu n g u s . I t  h a s  b e e n  sh o w n  t h a t ,  w h ile  d e v e lo p m e n t
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of l e s io n s  an d  n e c ro s is  o f th e  in o c u la te d  le a v e s  fo llo w ed  in o c u la t io n  
w ith  e i th e r  no rm al o r d i s e a s e d  H . v l c to r l a e . th e  d e v e lo p m e n t o f  V ic to ria  
b lig h t  in  p la n ts  In o c u la te d  w ith  th e  d i s e a s e d  fu n g u s w a s  m arked ly  l e s s  
th a n  th a t  w ith  th e  norm al fu n g u s  (3 8 ). I t h a s  a ls o  b e e n  sh o w n  th a t  th e  
to x in  p ro d u c tio n  by  th e  d i s e a s e d  fu n g u s w a s  m arked ly  l e s s  th a n  th a t  o f 
th e  no rm al fu n g u s (3 8 ) . T h e se  f in d in g s  seem  to  s u g g e s t  th a t  th e  lo w e r 
p a th o g e n ic i ty  o f d i s e a s e d  H . v lc to r la e  a s  co m p ared  w ith  t h a t  o f th e  
norm al fu n g u s  m ight b e  d u e  m ain ly  to  re d u c e d  to x in  p ro d u c tio n .
SUMMARY
In c o m p a ra tiv e  m o rp h o lo g ica l c y to lo g ic a l  s tu d ie s  o f norm al and  
d i s e a s e d  c o lo n ie s  o f Hw lm inth o sp o rlm n  v lc to r la e , c e l lo p h a n e - fu n g u s  
p re p a ra t io n s  w e re  s ta in e d  w ith  th r e e  d iffe re n t d y e s  a n d  ex am in ed  m ic ro ­
s c o p ic a l ly .  In  c o n tr a s t  to  th e  n o rm al c u l tu r e s , d i s e a s e d  c o lo n ie s  e x ­
h ib ite d  a  v a r ie ty  o f i r r e g u la r i t ie s .  Young h y p h a e  from n ew ly  d i s e a s e d  
c o lo n ie s  sh o w ed  d if fe re n t  d e g re e s  o f  ly tic  d e g e n e ra t io n ,  a n d  a tte m p ts  
to  d e te c t  n u c le i  in  su c h  h y p h a e  w e re  u n s u c c e s s f u l .  Young h y p h a e  from 
c o lo n ie s  o b ta in e d  by  su b c u ltu r ln g  from  s e v e re ly  d is e a s e d  m y ce liu m , on  
th e  o th e r  h a n d , d id  no t show  a n y  s ig n s  of ly t i c  d e g e n e ra tio n  a n d  c o n ­
ta in e d  a b u n d a n t n u c le i .  T h e se  h y p h a e  d id , h o w e v e r , show  a  v a r ie ty  
o f d is to r t io n s  in  th e  m orphology  o f c e l l s  and In  th e  p a tte rn  of g ro w th .
In  c o m p a ra tiv e  r e s p ira to ry  s tu d ie s  of no rm al an d  d i s e a s e d  c u ltu re s
H.* v l c to r l a e , d i s e a s e d  c o lo n ie s  show ed  c e r ta in  a l t e r a t io n s .  D is e a s e d  
c o lo n ie s  from  1 0 -d a y  o ld  s ta t io n a ry  c u ltu re s  a n d  from 2 -  to  6 -d a y  o ld  
s h a k e - c u l tu r e  s  sh o w ed  a n  in c r e a s e d  ra te  in  b o th  th e  e n d o g e n o u s  
r e s p i r a t io n  an d  th a t  in  th e  p r e s e n c e  o f d e x tro s e ,  co m pared  to  norm al 
c o lo n ie s .  D is e a s e d  c o lo n ie s  from  4 -d a y  o ld  s h a k e - c u l tu r e s  d id  not 
show  a n y  re s p ira to ry  In c re a s e  in  th e  p re s e n c e  o f  low  c o n c e n tra t io n s  o f 
DNP (5 x l0 “ 5 an d  1x10"^ M ), w h e re a s  norm al c o lo n ie s  sh o w ed  a  p o s i t iv e  
r e s p o n s e .  W h ile  th e  R .Q . fo r th e  norm al fu n g u s  in  e n d o g e n o u s  r e s p i r a ­
t io n  w a s  b e lo w  1 a n d  re a c h e d  th e  v a lu e  1 w ith  th e  a d d it io n  o f d e x tr o s e ,
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t h e  R .Q . fo r th e  d i s e a s e d  fu n g u s  w a s  a ro u n d  1 e i th e r  in  th e  p re s e n c e  or 
In  th e  a b s e n c e  o f  d e x t r o s e .
C o m p a ra tiv e  s tu d y  of th e  p ro c e s s  o f in f e c t io n  of s u s c e p t ib le  o a t 
s e e d l in g s  w ith  no rm al an d  d i s e a s e d  H.  v lc to r la e  r e v e a le d  l i t t l e  d if fe r ­
e n c e s .  H o w ev e r, th e  d e g e n e ra t io n  o f t i s s u e  in o c u la te d  w ith  th e  
d i s e a s e d  fu n g u s w a s  s lo w e r  an d  l e s s  e x te n s iv e  th a n  th a t  o f t i s s u e  
in o c u la te d  w ith  th e  norm al f u n g u s .
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